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RÉSUMÉ 
L'estuaire et le go lfe du Saint-Laurent sont des aires d 'al imentation estivales 
importantes pour les mammifères marins et conséquemment, elles accueillent annuellement 
un grand nombre d 'espèces . Toutefois, cet écosys tème subit une forte pression anthropique 
par di verses activités humaines (c.-à-d. trafic maritime, pêche commerciale, touri sme, etc.). 
De plus, des suivis à long tenne de l 'écosystème ont démontré des changements importants 
des conditions environnementales. Afin d ' identifi er et de caractériser l' impact de ces 
changements sur la communauté de mammifères marins, nous avons anal ysé une banque de 
données d ' échouage de 1994 à 2008. Généralement, le nombre d'événements d ' échouage et 
d ' interacti ons anthropiques augmente annuell ement et es t plus élevé en é té, saison où les 
activités humaines sont parti culi èrement intenses et où la plUPaJ1 des es pèces sont 
présentes. Les modè les env ironnementaux montrent que les conditi ons de l'eau (vo lume de 
la couche intennédiaire froide, température de surface et débit d 'eau douce) influencent les 
événements d'échouage de la plupart des espèces. Le couvert de glace influence 
négat ivement les espèces de pinnipèdes pagophil es et les mysticètes. L 'abondance de kri ll 
influence spéc ifiquement les événements d ' échouage du marsouin commun et du petit 
rorqual. Nous avons identifi é en août 2008 un événement inhabituel qui s'es t traduit par un 
nombre é levé d ' échouages de plus ieurs espèces (béluga, marsouin commun, phoq ue 
commun et phoque gri s) . Cet événement fut causé par une floraison d ' algue toxique 
(A lexC/ndriul11 tamarense) dans l' es tua ire. Conce rnant l' ana 1 yse des facteurs anthropiques, 
nous avons iden tifi é une augmentati on inquiétante du nombre de pri ses accidente ll es 
principal ement de petits rorquals et de rorquals à bosse, excédant certa ines années le 
prélèvement biologique poten ti el (PBP) du « stock» de petits rorquals de l ' estuaire et du 
golfe . Trois hypothèses ont été proposées afin d ' ex pliquer cette tendance: i) un biais de 
l' effort, ii ) des changem ents dans la distribution du petit rorqual et iii ) des changements 
dans les pratiques des pêches. Nous avons également observé une augmentati on des 
événements an thropiques impliquant le marsouin commun dans le parc Marin Saguenay-
Saint-Lauren t. La nature de ces événements suggère une chasse ill éga le. Ce projet a permis 
de valider l'utili sa ti on de l' échouage comme un outil de sui v i de l' influence des 
changem ents environnementaux et des act ivités anthropiques sur la communauté de 
mammifères marins de l 'es tuaire et du nord-ou es t du golfe du Saint-Laurent. 
Mo!s clés: mammifères marins, mortalit é, changements envi ronnementaux, glace, florai son 
d'algue toxique, prise acciden tell e, aire marine protégée. 
xii 
A BSTRACT 
The Estuary and the Gulf of St. Lawrence are important feeding areas in summer for 
marine mammals and thus, support annually many species. However, thi s marine 
ecosystem is under a strong anthropogenic pressure by various hum an ac ti viti es (i. e. 
maritime traffic, fisheries , tourism etc .). Additionally, long- term monitoring of the 
ecosystem demonstrates considerable changes of environmenta l conditi ons. To iden tify and 
characterize the impact of these changes on the marine mammal community, we ana lyzed 
the occunence of stranding events from 1994 to 2008. Overall , the number of strandings 
and anthropogenic incidences increase annually and are higher in summer, season when 
human activiti es are particularly intense and when the majority of species are present. 
Environmental models show that water conditions (volume of the co ld intermed iate water 
layer, sea surface temperature, freshwater runoff) influenced strand ing events in most 
species . lce coyer indeed influenced negati ve ly the strandings of pagophilic seal spec ies 
and mysti cete. Krill abundance specifica ll y influenced stranding even ts in harbollr pOl"po ise 
and minke whale . W e identified in August 2008 an unusual even t involving a hi gh number 
of strand ings of various spec ies (beluga, harbour pOl-poise, harbour and grey sea ls). Th is 
event was caused by a bloom of tox ic algae (Alexandriul11 lamarense) in the Estuary. 
Conceming the analysis of anthropogenic factors , we identifi ed an increase of the number 
of entanglements mainly of minke and humpback whales, in some years exceeding the 
potenti al biological removal (PBR) of the minke whale stock of the Estua ry and the Gul f of 
St. Lawrence. Three hypotheses were suggested to ex plain thi s tendency: i) bias in effort, 
ii) changes in the di stribution of minke whales and iii ) changes in fishery pract ices. We a lso 
observed an increase in anthropogeni c events invo lving the harbollr pOl"po ise in the 
Saguenay-St. Lawrence Marine Park. The nature of these events suggests ill ega l bunting. 
Thi s proj ect allowed to valid the use of strandings as a monitoring too l to demonstrate the 
influence of environmental changes and anthropogenic ac ti v iti es on the marine mammal 
community of the Es tuary and the northwestern Gulf of St. Lawrence. 
Keywords: marine mammal , mortality, environmenta l changes, lce, harmfu l alga l 
bloom, anthropogenic activities, entanglement, marine protected area. 
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INTRODUCTION GÉNÉRALE 
1. ÉCOLOGJE DES MAMMJFÈRES MARJNS 
Les écosystèmes marins sont caractéri sés par un réseau trophique particulièrement 
compl exe en teJl11 eS de structure et de fonctionnement puisqu ' il s renfennent un très grand 
nombre d ' es pèces qui interagissent entre e ll es de multiples façons (Stenseth et al. 2004). 
Ces écosystèmes sont généralement vastes et sans balTières géographiques défini es 
(S tenseth el al. 2004) où les ressources se di stribuent inégalement (phénomène de 
« palchiness ») à de grandes éche ll es spatial es e t tempore ll es (Mackas and Boyd 1979). 
Dans ces mili eux, la base des réseaux trophiques, le phytoplancton, est limitée par la 
d ispo ni bilité des nutriments (p. ex. le fer, le nitrate et le phosphore) et l ' intensité lumineuse, 
to us de ux contrô lés par des processus océanographiques physiques (p . ex. courants 
océaniques, stra tifi cati on, vent et ac ti on tidale) e t bi ochimiques (p . ex. décomposition de la 
ma ti ère orga ni que) (S tee le 1985). À l' opposé, les organi sm es de haut ni vea u trophique (c. -
à-d. les prédateu rs) exe rcent davantage un rô le de régulati on parti culi èrement crucia l pour 
contrô ler les popul ati ons des autres espèces et m a intenir la stru cture des communautés. li s 
s' a limente nt d ' un large éventa il de groupes trophiques, contribuant à augmenter les li ens 
ent re les espèces e t favo ri sant la stabilité de l' écosystèm e (Mori ssette el al. 2006). Les 
ma mmi fè res marin s sont un exemp le typique de grands prédateurs pouvant s tructurer la 
com pos iti on en es pèces e t régul er les écosystèmes m arins. De par leur stature imposante (p. 
ex ., le rorqu a l bl eu peut mesurer jusqu ' à 28 mètres de longueur et peser jusqu ' à 150 tonnes) 
ces prédate urs consomment des quantités ph énoménales (p. ex., le rorqu al bleu peut 
eng lout ir envi,ron 4 to nn es par j our d 'euphausidés) de ressources afin de sati sfaire leurs 
ex igences métabo liques (C ro ll and Tershy 2002, He ithaus and Dili 2002) . Ainsi, leur 
a li me ntati on peut représenter une forte press ion de régulati on pour les espèces de proies 
qu ' ils consomment. Dans ce rta ins cas , l' importance du rô le régul a teur des mammi fères 
ma rin s est te ll e que sa perturbati on peut entraîner des modifi cati ons profondes de 
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l'écosystème jusqu 'à la base des réseaux trophiques par le biais de cascades trophiques . À 
titre d 'exemple, autour des îles Aléoutiennes au large de la côte Pac ifique en Alaska, le 
déclin de la population de loutres de mer par la chasse commerciale a entrainé une 
prolifération des oursins et, conséquemment, une augmentation de la pression de broutage 
sur les plantes macrophytes menant à un déclin de la communauté végétale ainsi que des 
espèces animales associées (Estes & Palmisano, 1974). De par leurs comportements 
migratoires, les mammifères marins peuvent aussi agir comme vecteur liant différents 
écosystèmes en transférant notamment de l'énergie sous forme de subsides a ll ochtones. 
Pour certains écosystèmes moins productifs (p. ex. les zones océaniques oligotrophiques), 
ces apports allochtones peuvent représenter une source additionnelle d'énergie pouvant 
soutenir la productivité primaire. À titre d 'exemple, dans le nord du go lfe du Saint-Laurent, 
les mammifères marins contribuent à l' apport de nutriments dans l' écosystème par des 
processus comme la minérali sation des nutriments et le retour de la biomasse en ressources 
sous fonne de détritus (Brown el al. 2001). De plus, pui squ ' il s sont situés au sommet des 
réseaux trophiques et ont une durée de vie relativement longue, les mammifèJ:es marins 
peuvent agir comme espèces baromètre témoignant de la qualité des écosystèmes (p. ex. 
floraisons d ' algues toxiques : (Landsberg 2002, Flewelling et a/. 2005) . De manière 
généra le donc, l'étude des mammifères marins et de leur démographie est un 
incontournable dans une optique de compréhension globale des interactions trophiques et 
du fonctionnement des écosystèmes marins (Reddy el al. 2001, Aguirre and Tabor 2004, 
Moore 2008). 
Chez les vertébrés supérieurs, et en particulier chez les mammifères marins, l 'étude 
des populations représente un défi de taille pour les écologistes pui sque ces organi smes 
sont typiquement peu abondants, largement distribués, et occupent souvent des 
environnements inaccess ibles à l' homme (Gulland and Hall 2007) . Les mammifères marins 
sont âü nombre des ces espèces pour qui les suivis éco logiques représentent un travaii 
soutenu , tant pour des raisons logistiques que monétaires (Fowler and Smith 198 1). En 
effet, ces organismes passent la majorité de leur vie immergés et effec tuent de longues 
migrati ons pour compléter leur cycle vital, certaines espèces vont même occuper plusieurs 
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habitats à travers di vers écosystèmes (Forcada 2002) . En plus de ces contraintes 
écologiques, l'étude des mammifères marins peut souvent se heurter à diverses subtilités 
politiques et léga les étant donné le statut de plusieurs espèces protégées (Gulland and Hall 
2007). 
Malgré ces nombreuses limitations, il est néanmoins poss ible d 'étudier les 
populations de mammifères marins en examinant les échouages d ' individus retrouvés sur le 
littoral (Wilkinson and W0l1hy 199 1, Byrd et al. 2008). De par sa logistique relativement 
simpli ste et ses faibl es coüts de mi se en place (comparativement à des études comportant 
de la capture ou du marquage) , l' étude des échouages représente un outil méthodologique 
effi cace pui squ ' il offre une opportunité unique d 'acquérir des connaissances sur la bi ologie 
des mammifères marins (Odell 1987, Wilkinson and Worthy 199 1, Geraci and Lounsbury 
2005 b). Un échouage est communément défini comme tout animal aquatique re trouvé sur 
le rivage vivant (en mauva ise santé) ou mort (Gerac i and Lounsbury 2005b). On di stingue 
deux catégori es d'échouages: l'échouage en masse qui implique deux indi vidus ou plus 
(exc luant une mère et son petit) de la même espèce au même moment et au même endroit 
(Walsh el al. 200 l , Gerac i and Lounsbury 2005 b), et l'échouage individuel. La fréquence 
des événements d ' échouage et l'empl acement des indivi dus retrouvés peuvent vari er en 
fonc tion de la di stributi on (un individu ne peut s ' échouer dans un env ironnement qu' il ne 
fréquente pas) et de la mortalité (à la suite d 'une mortalité, l' individu dérive et est retrouvé 
échoué) des individus. Dans certains cas cependant, l'échouage peut représenter la cause de 
la mort lorsque les indi vidus viennent frapper le littoral aux suites d 'en"eurs de nav igation 
et d 'écholocalisation (Dudok Van Heel 1962), de la rencontre de conditions topographiques 
complexes (Brabyn and McLean 1992) ou de la poursuite d 'une proie près du rivage 
(Gerac i and Lounsbury 2005b). Toutefois, ce phénomène serait surtout observé chez les 
odon tocètes et plus parti culi èrement chez la famille des delphinidés, où les individus très 
gréga ires peuvent parfo is venir s 'échouer et mourir en grand nombre (Wal sh et al. 200 l , 
Geraci and Lounsbury 2005a). Ain si, pour la majorité des espèces de mammifères marins, 
l ' échouage survient à la suite de la mortalité et représente donc un outil important pour 
l 'étude de la mortalité indi viduell e (Wilkinson and Worthy 199 1, Geraci and Lounsbury 
4 
2005b) . En étudiant par exemple la distribution spatiale des échouages, la variabil ité 
temporelle, les causes de mortalités individuelles à l'aide de nécropsies, ou encore les li ens 
qui ralli ent les événements d ' échouages à des phénomènes environnementaux et 
anthropiques, il est notamment possible de mieux comprendre les facteurs critiques qui 
peuvent affecter la démographie et la dynamique des populations de mammifères marins 
(McLellan et al. 2002, Silva and Sequeira 2003, Evans et al. 2005). 
2. DISTRIBUTION DES MAMMIFÈRES MARINS 
Au se in des mammifères marins existe une grande diversité d 'ori gine évolutive, qui 
influence la biologie et l 'écologie des espèces. On distingue deux grands ordres: les 
cétacés et les carnivores (sous-ordre pinnipèdes), eux-mêmes subdivi sés en sous-o rdre 
mysticète (baleine à fanons) et odontocète (baleine à dents) , et en famill es phoc idé 
(phoque) et otariidé (otarie), respectivement. De ces différences d 'o ri gine évo lutive ont 
émergé des adaptations morphologiques, physiologiques et comportementales qUI 
distinguent les espèces dans les modes de locomotion, les types d'habitats fréquenté s, les 
types d 'a limentation et modes d ' approvisionnement (certaines espèces sont spéc ia li stes 
comme le rorqual bleu et d ' autres sont généralistes comme le petit rorqu al) , les stratégies 
de reproduction (certaines espèces ont un jeune à chaque quatre ans comme la bal e ine 
franche alors que d 'autres ont un jeune annuellement comme les pinnipèdes), la 
thernlorégulation, la grégarité (certaines espèces sont solitaires comme le petit rorqual et 
certaines sont gréga ires comme le béluga), etc. (Würsig 2002) . 
À leur tour, ces di fférences influencent directement la sé lect ion de l' habitat et la 
di stributi on des individus au sein des populations. À titre d 'exempl e, chez ce rtains 
pinnipèdes pagophiliques (phoque du Groendland, phoque à capuchon et ph oque anne lé), le 
substrat de glace représente une composante essentielle de l ' habitat, parti culi èrement lors 
de la période de mise bas ou de la mue, e t influence ainsi la di stribution des organi smes 
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dans le milieu marin (Bartholomew 1970, Boyd 1998, Kelly 2001 b, Laidre et al. 2008). 
Pour les cétacés cependant, la présence de glace dans l 'habitat peut représenter une 
contrainte plutôt qu 'une ressource, pouvant même agir comme une ban-ière limitant l' accès 
des individus à un autre habitat (Bowen and Siniff 1999). Par exemple, un couvert de glace 
extensif et persistant dans l'aire d 'alimentation de la baleine gri se, en mers de Bering et 
Chukchi , fut associé à une diminution du recrutement et à une augmentation de la mortalité 
dans cette population (Le Boeuf et al. 2000, Perryman el al. 2002). 
En plus des différences écologiques et biologiques intrinsèques à l'espèce, les facteurs 
environnementaux (p. ex. la température de l 'eau) , écologiques (p. ex. compétition inter et 
intraspécifique), démographiques (p. ex. la taill e de la popul ati on, l'âge, le sexe et le statut 
reproducteur) et anthropiques (p. ex. trafic maritime) exercent une influence significative 
sur la di stribution des populations de mammifères marins (Bowen and Siniff 1999, Forcada 
2002). Parmi les facteurs environnementaux, on di stingue les composantes biotiques (p. ex. 
abondance des ressources, présence de prédateurs) des composantes abi otiques (p. ex. la 
température de la couche de surface, l'étendue du couvert de glace, etc.) (Begond et al. 
2006). En plus d' influencer de mani ère directe la distribution spati o-tempore ll e des 
mammifères marins (p. ex. tol érance phys iologique à des degrés de températures ou des 
sa linités particulières (Gaskin 1968, Fullard el al. 2000, Elwen and Best 2004). Les 
composantes abiotiques affectent la distribution par des répercuss ions indirec tes influençant 
à priori les composantes biotiques, dont la di sponibilité des ressources alimentaires (Sel zer 
and Payne 1988, laquet and Whitehead 1996, Baugmgartner el al. 2003 , Friendlaender el 
al. 2006, Bluhm and Gradinger 2008). Cette demi ère interaction est particulièrement 
importante puisque la di sponibilité des ressources alimentaires est l' un des paramètres 
exerçant le plus d' influence sur la di stribution des mammifères marins (Harwood 200 l , 
Forcada 2002). En effe t, en mili eu marin , les ressources alim entaires_ parti cu li èrement 
celles qui sont pélagiques, sont di stribuées de manière très hétérogène à travers le temps et 
l'espace (Mackas and Boyd 1979) et cette distribution es t principal ement modul ée par la 
dynamique des processus océanographiques ph ys iques tels que les phénomènes de front 
thermiques, de ruptures de pente topographique et de convergences (O ison and Backus 
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1985, Ballance 2002 , Genin 2004) . Une rupture de pente, par exemple, peut conduire à une 
résurgence marine et conséquemment à de grandes agrégations d'organismes suivant la 
montée d'eau froide riche en sels nutritifs qui favorisent le développement de floraisons 
phytoplanctoniques (Fied ler and Bernard 1987, Podesta et al. 1993, Griffin 1999). De tels 
processus océanographiques conduisent donc à une forte productivité biologique locale 
(Walford 1958) et au gmentent la disponibilité locale et la prédictibilité de la dispersion des 
proi es pour les mammifères marins (Fied 1er and Bernard 1987, Cro lI et al. 1998, Doniol-
Valcroze et al. 2007) . Lorsque ces phénomènes surviennent en milieux tempérés (p. ex. 
dans l ' es tuaire du Saint-Laurent (Cotté and Simard 2005), la disponibilité locale des proies 
peut flu ctuer entre les sai sons (influencée par les composantes abiotiques de l' écosystème) 
et, subséquemment, peut affecter la distribution des mammifères marins. Pour certaines 
espèces, l'hétérogénéité temporelle dans la distribution des ressources force les individus à 
effectuer de longues mi grations entre ces a ires d ' alimentat ion et les aires de mise bas (Stem 
2002). Pour les espèces rés identes d ' un écosystème, les patrons de distlibution seront tout 
auss i variab les entre les saisons en fonction de la disponibilité des ressources, bien que 
moins remarquab les que chez les espèces migratrices (Forcada 2002, Goetz et al. 2007) . À 
titre d ' exemple, le phoque commun de l' estuaire du Saint-Laurent quitte ses aIres 
d ' échoueri es es tivales lorsqu ' une couverture de glace se conso lide sur les baies de 
l' es tuaire et entreprend une migration de 65 à 520 kilomètres vers des zones d'hivernage de 
fa ible couverture de g lace ou d ' eau libre pour s'a limenter (Lesage et al. 2004). 
3. LES CAUSES DE MORTALITÉ DES MAMMIFÈRES MARINS 
En conservation , la connaIssance des composantes biodémographiques des 
popuiati ons animaies cst essenti e ii e pour comprendre la dynamique des populations 
(Fow ler and Smith 198 1) et pour antic iper ses réponses aux changements des conditions 
environnementa les (Proffitt el 01. 2007) . L ' estimation des taux de mortalité des individus et 
la compréhension des facteurs sous-jacents influençant la survie sont l' une des plus 
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importantes cibles des écologistes de la conservation. Chez la majorité des populations de 
grands mammifères, l 'âge est l 'un des principaux traits biodémographiques individuels 
pouvant influencer les taux de mortalité, où les taux sont typiquement plus importants chez 
les juvéniles et les indiv idus âgés, et plus faibles chez les classes d 'âge intermédiaires 
(courbe en « U »(Caughley 1966, Eberhardt 1981 , Neal 2004)). Les mammifères marins 
suivent aussi cette tendance puisque la probabilité de survie des jeunes au cours de la 
première année est souvent très faible (de l' ordre de 50 % chez plus ieurs espèces de 
pinnipèdes et de cétacés (Sumich and Harvey 1986, Barlow and Boveng 199 1, Berta and 
Sumich 1999). Par ailleurs, chez la plupart des grands cétacés, les taux de mortalité des 
vieux individus sont en général mal compris comparativement aux juvéniles (Berta and 
Sumich 1999). Cette lacune est attribuable à la forte pression de la chasse commerciale 
historique qui , en décimant les effectifs, a profond ément modifi é la structure d 'âge des 
populations qui , pour certaines , n 'ont toujours pas recouvré leur éta t initi al (Sumich and 
Harvey 1986, Reeves 1986, Berta and Sumich 1999) . 
3.1 Les causes de mo,·talité naturelle 
Les causes de morta lité naturell e au sem des populations de mammifères sont 
nombreuses et diffèrent en fonction de la classe d ' âge. Si les jeunes sont principalement 
affectés par l' inan ition et la prédation, les indi vidus plus âgés y sont souvent moins 
vulnérabl es et vont davantage mourir à la suite de ma ladies ou de paras iti sme (Burton 1973, 
Evans 1987, Berta and Sumich 1999). Toutefoi s, ces causes de mortalité naturell e 
(écologiques) ag issent souvent de mani ère synergique (Henry 2001). Chez les jeunes 
pinnipèdes, la mort par inaniti on en ra ison d'une diminution de la disponibilité de noulTiture 
dans l'a ire d 'a limentat ion des femelles est la cause de mortalité, à la naissance, la plus 
souvent mentionnée (Chambell an t el al. 2003 , Reid and Forcada 2005). La femelle , forcée 
à effectuer de longs dépl ace men ts entre les aires d ' alimentation e t l'a ire d 'a llaitement, subit 
une augmentatio n des coûts li és à l' approvisionnement, réduisant ainsi l 'apport nutritionnel 
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pour le jeune qui doit accumuler les réserves lipidiques nécessaires à sa survIe et sa 
croissance (Bryden 1968, Trillmich 1985, Beauplet et al. 2005, Reid and Forcada 2005). 
Les réserves lipidiques procurent une isolation thermique au froid (Bryden 1964) et des 
nutriments essentiels à la survie post-sevrage (Bryden 1968, Hindell et al. 1994). Cette 
période est particulièrement critique puisque le jeune sevré devra faire face à de nombreux 
défis, dont la prédation et l 'apprentissage de la capture de proies (Hindell et al. 1999, 
Beauplet et al. 2005). 
La prédat ion par des es pèces telTestres, aviaires ou aquatiques est une source de 
mortalité naturell e importante pour les mammifères marins (Weiler 2002). Les pinnipèdes 
sont probablement les mammifères marins les plus sujets à la prédation, et plus 
parti cu lièrement chez les jeunes individus (Lavi gne and Kovacs 1988, Berta and Sumich 
1999, WeIler 2002) . À titre d 'exemple, la prédation des j eunes phoques annelés par l'ours 
polaire peut comprendre de 8 à 44 % de la production annuell e de j eunes (Smith 199 1). La 
prédation par l 'orque épaul ard peut aussi être une source non nég li gea bl e de mortalité pour 
les populations de cétacés (Lowry et al. 1987b, Jefferson et al. 199 J, Pitman et al. 200 1) . 
La maladie est égalemen t une cause considérable de mortalité naturell e au se in des 
populati ons animales et peut auss i entrainer des épisodes de morta lité massive d ' un grand 
nombre d ' individus en cas d ' épizootie. Historiquement, des épizooti es de morbillivirus ont 
causé des mortaJités massives chez plusieurs espèces de cétacés et de pinnipèdes, 
notamment des milliers de phoques communs (Phoca vitu/ina) et des centaines de phoques 
gris (Halichoerus grypus) dans la mer du Nord en 1988 (Osterhaus and Vedder 1988, 
Harwood and Grenfell 1990), des centaines de grands dauphins (Tursiop lruncalus) sur la 
côte At lantique des États-Uni s entre 1987-1988 (Lipscomb el al. 1994, Duignan el al. 1996, 
Taubenberger el al. 1996), d 'une dizaine de marsouins communs (Phocoena phocoena) sur 
la côte nord de l' Irlande en 1988 (Kennedy el al. 1988, Mc Cullough et al. 199 1) et d ' une 
cen taine de dauphins bl eu et blanc (Stene/la coeru/eoa/ba) le long de la côte espagnole 
(Raga el al. 2008) . Les changements environnementaux (p. ex. la température de surface de 
l'eau et la di sponibilité des pro ies) peuvent jouer un rô le prépondérant dans l' émergence et 
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la virulence de certaines épidémies (Lavigne and Schmitz 1990, Van Bressem et al. 2009). 
Aussi , les espèces estuariennes et côtières auraient un risque supérieur de développer une 
maladie comparativement à celles qui vivent en milieu océanique en raison de l'altération 
de leur habitat par les facteurs anthropiques comme la contamination chimique (Taylor 
2003 , Gulland and Hall 2007, Van Bressem et al. 2009) et biologique (Measures and Olsen 
1999). Par exemple, les bélugas de l'estuaire du Saint-Laurent retrouvés échoués 
comportent des taux élevés de concentration de plusieurs contaminants (p. ex. les BPCs, le 
DDT et le Mirex) susceptibles de causer une immunovulnérabilité et une bai sse de la 
fertilité (Béland et al. 1993, Martineau et al. 1994, Lebeuf et al. 2007). Certains individus 
démontrent également des maladies chroniques comme des cancers gastro-intestinaux et 
mammaires (Martineau el al. 1994, Martineau et al. 2003, Measures 2008). 
Le parasitisme conduit moins fréquemment à la mort d ' un individu . Cependant dans 
des cas sévères, l' infection peut provoquer l'échouage et la mort (Geraci and St. Aubin 
1986, Gull and el al. ] 997, M easures 2008). Le parasiti sme surgit souvent en s imultanéité 
avec la malnutrition , les autres maladies, la contamination chimique et les conditions 
env ironnementales anormales. En effet, la contamination chimique ou la malnutrition 
affecte la réponse immunita ire de l ' individu, réduisant ainsi sa capacité à résister à sa 
charge parasitaire, augmentant les risques d ' infection parasitaire (Ross el al. 1996, Henry 
200 1). 
En dehors des sources de mortalité éco logiques, d'autres facteurs 
environnementaux peuvent avoir une influence importante sur la survie des individus. La 
présence et la dynamique des glaces sont un exemple de variable environnementale 
abiotique pouvant agir sur la survie d'un grand nombre d 'espèces nordiques comme les 
phocidés pagophiles qui en dépendent pour leur reproduction (la mi se bas) , le repos et la 
mue (Kelly 2001 b) . Chez ces espèces par exemple, la survi e du jeune durant les premières 
semaines de vie dépend de la di sponibilité et la stabilité de cette ressource (Fay 1974, 
Bowen and Siniff 1999, Johnston el al. 2005). En effet, les animaux plus fa ibles ou âgés et 
les jeunes peuvent être directement écrasés par de la glace non consolidée en mouvement 
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(Lavigne and Kovacs 1988, Hammill et al. 1998). Contrairement aux pinnipèdes, la 
présence de glace peut représenter une source de mortalité pour les cétacés lorsque ces 
derniers s'y retrouvent emprisonnés après un épisode de formation accélérée de la banquise 
(Sergeant 1991 , Johnston et al. 2005, Simmonds and Isaac 2007, Laidre et al. 2008). De 
plus, en modifiant le niveau d'exposition aux prédateurs (ours polaire sur le phoque annelé 
et le béluga) et en offrant des espaces de repos, le couvert de glace procure aussi d ' autres 
avantages représentant un atout pour la survie (Lowry et al. 1987a, Kelly 2001 a). Des 
anomalies promptes dans l'environnement peuvent également être cause de mortalité, 
parfois massive chez les mammifères marins (Harwood and Hall 1990, Clutton-Brock et al. 
1991). Ces événements, s'ils entraînent la mort de plusieurs individus, peuvent être 
particulièrement marquants pour les populations de. petite taille (Harwood 2002). Parmi les 
perturbations environnementales pouvant conduire à une mortalité massive de mammifères 
marins, notons les florai sons d'algues toxiques qui ont été documentées dans plusieurs 
ép isodes de mortalité (Landsberg and Shumway 1998, Walsh et al. 200 l , Landsberg 2002, 
Flewelling et al. 2005). À titre d'exemple, plus de 400 otaries de Califol11ie (Zalophus 
cali{omianus) sont mortes entre mai et juin 1998 à la suite d'une florai son d ' une diatomée 
toxique (Pseudo-nilzschia australi) dans la baie de Monterey. Cette florai son fut associée à 
la production de l'acide domoïque, une neurotoxine, détectée dans tout le réseau trophique, 
confi rmant son transfert via l'a limentation et comme cause de mortalité des otaries (Scholin 
et al. 2000). 
3.2 Les causes anthropiques de mortalité 
En 1982, les pays membres de la Commission Baleinière Intel11ati onale ont décrété 
un moratoire sur la chasse commerciale à la baleine. Néanmoins, la chasse scientifique et 
de subsistance persistent pour certaines espèces (p. ex. 1000 petits rorqual s de l'Atlantique 
Nord tués par la chasse sc ientifique de la Norvège, en 2006 (Reeves 2009» et s'ajoutent à 
un nombre croissant d 'activités humaines pouvant causer la mort (Gulland and Hall 2007). 
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Panni ces activités, notons la pêche commerciale qui , non seulement entre en compétition 
avec les mammifères marins pour les ressources marines, mais est également responsable 
de prises accidentelles dans divers engins de pêche à travers le monde (De Master et al. 
2001, Read et al. 2006). La mortalité associée à ce type d'activité est particulièrement 
importante pour les petits cétacés comme le marsouin commun (p . ex. quelques milliers de 
prises fatales annuellement en mer du Nord (Vinther and Larsen 2004). La collision avec 
les navires est aussi une source de mortalité, notamment pour les grands cétacés (Laist et al. 
2001). De plus, avec l 'augmentation croissante de la population humaine, on assiste à une 
augmentation de la pollution chimique (Vos et al. 2003) et sonore (Frantzis 1998, Cox et 
al. 2006, Nowacek el al. 2007), du dérangement ainsi que de la dégradation et la perte 
d 'habitats (Taylor 2003) pour les mammifères marins . Ces facteurs anthropiques s ' ajoutent 
également aux changements environnementaux (p. ex. augmentation de la température de 
l'a ir et de l ' eau et diminution du couvert de glace) qui sévissent dans plusieurs écosystèmes 
nordiques (Proffitt el al. 2007, Simmonds and Isaac 2007) , amplifiant les menaces 
auxquelles les populations de mammifères marins font face aujourd'hui. 
4. LES MAMMIFÈRES MARINS DE L'ESTUAIRE ET DU GOLFE DU SAINT-
LAURENT 
Dans l'es t du Canada, l 'es tuaire et le go lfe du Saint-Laurent (Fig. 1) constituent 
deux systèmes voisins extrêmement complexes et dynamiques où un apport d'eau douce en 
provenance des Grands Lacs s'oppose à une entrée d 'eau sa lée en provenance de l'océan 
Atlantique (White and Johns 1997). Le go lfe du Saint-Laurent rejoint l'Atlantique Nord par 
les détroits de Cabot et Belle-Isle, où le chenal Esquiman achemine J' eau de la mer du 
Labrador vers le go lfe pour fonner la couche intermédiaire froide et où le chenal lauren ti en 
conduit l ' eau de l ' océan Atlantique vers la tête de l' estuaire pour former la couche d 'eau 
profonde (Therriault 1991). L'entrée d ' eau sa lée et d 'eau douce, la couverture de glace 
saisonnière et les échanges avec l ' atmosphère donnent li eu à une circulation cyc lon ique et 
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une stratification permanente dans l 'estuaire et la partie ouest du golfe. Toutefois, les forts 
vents (orïentés vers le large), les cassures bathymétriques et l'action tidale entraînent des 
remontées d 'eau froide (riche en sels nutritifs) locales dans certaines régions (p. ex. à 
l'embouchure du Saguenay et la Minganie) de l'es tuaire et du golfe du Saint-Laurent qui 
viennen t rompre la stratificati on de la colonne d 'eau au cours de la période estivale (White 
and Johns 1997). Ces régions de résurgences sont associées à une grande productivité 
biologique et supportent une grande diversité de mammifères marins en été (Kingsley and 
Reeves 1998, Simard and Lavoie 1999). 
L ' es tuaire du Sa int-Laurent est di visé en deux régions, l'estuaire maritime et 
l'estuaire moyen (EI-Sabh and Silverberg 1990) . Une rupture de pente à la hauteur du fjord 
du Saguenay marque la limite entre ces deux systèmes, où le chenal laurentien très profond 
de l'estuaire maritime rejoint l'estuaire moyen de faible bathymétri e. La zone de front entre 
l' eau douce du fj ord et l'eau sa lée, combinée à la rupture de pente qui force la remontée de 
l'eau intermédiaire froide vers la surface, provoque une résurgence marine (EI-Sabh and 
Sil verberg 1990). Conséq uemment à la remontée accrue des sels nutritifs, la productivité 
primaire de cette zone est si élevée (EI-Sabh & Sil verberg 1990) qu 'ell e donne li eu aux 
plus ri ches agréga ti ons de krill du nord -es t Atl antique (Cotté and Simard 2005 , Sourisseau 
el al. 2006) et à l' importante concentrati on d 'espèces de poissons comme le capelan 
(Marchand el al. 1999, Simard el al. 2002) . Ce phénomène d 'agrégation régional confère 
des opportunités d' alimentati on particuli èrement attrayantes et prévisibles pour les 
mammifères marins en été (Simard 2008), d'où sa grande importance écologique (Lesage et 
al. 2007) et sa protecti on par la formation en 1996 du Parc Marin Saguenay-Saint-Laurent. 
Une quinzaine d ' espèces de mammi fè res marins fréquentent régulièrement 
l'écosys tème de l'es tuaire et du go ife Saint-Laurent dont cinq espèces de mysticètes, sept 
espèces d 'odontocè tes et quatre espèces de pinnipèdes (Tableau 1). L 'ensemble de ces 
espèces peut être divi sé en deux ca tégori es en raison de la sa isonnalité dans leur utili sation 
de l'écosystème. On di stingue les espèces résidentes (p. ex. le phoque commun et le béluga) 
des espèces migratrices (p. ex. le rorqual bl eu, le rorqual à bosse, le phoque à capuchon et 
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le phoque du Groenland) . La grande concentration et diversité de mammifères manns 
retrouvés en été dans l'écosystème du Saint-Laurent est toutefoi s menacée par l' industrie 
écotouristique florissante (Lesage et al. 1999, Henry and Hammill 2001) , l' industrie 
halieutique (Fontaine et al. 1994a, Lesage et al. 2006), le trafic maritime et la 
contamination chimique (Béland et al. 1992, Hobbs et al. 2003 , Measures 2008) . 
Ta bleau 1. Espèces de mammifères marins commun ément rencontrées dans l' es tua ire et le golfe du Saint-Laun~n t 
Grands groupes Fami ll es Es pèces No ms vernaculaires 
Mysticètes Balaenopteridae Ba/aenoptera muscu/us Rorqual bleu 
Ba/aenoptera physa/us Rorqual commun 
Balaenoptera acutorostrata Peti t rorqual 
Balaenidae Megaplera novaeang/iae Rorqual à bosse 
Euha/aena g/acia/is Baleine franche noire 
Odontocètes Monodontidae Delphinap/erus /eucas Béluga 
Physeteridae Physeler mocrocepha/us Cachalot 
Ziphiidae Hyperoodon ampu/la/us Balein e à bec commune 
Phocoenidae Phocoena phocoena Marsouin commun 
Oelphinidae G/ohicepha/a me/as Globicéphale noir 
Lagenorhy nchus ocutus Dauph in à fl ancs blancs Atlantique 
De/phinus de /ph i.s' Dauphin commun 
Slenella coeru/eoa/ha Dauphin bleu et blanc 
Pinn ipèdes Phocidae Phoca vilulina conc%r Phoque commun 
Ho/ichoerus grypus Phoque gri s 
Phoca groen/andica Phoque du Groenl and 
Cys/ophora cristata Phoque à capuchon 
lS 
5 PROBLÉMATIQUE, OBJECTIFS ET HYPOTHÈSES DE RECHERCHE 
5.1 Problématique 
L'estuaire et le golfe du Saint-Laurent accueillent chaque année un grand nombre 
d ' espèces de pinnipèdes et de cétacés qui , pour la plupart, effectuent de grandes migrations 
pour venir s'alimenter dans ces eaux productives (Cotté and Simard 2005, Simard 2008) . 
Le no rd du go lfe du Saint-Laurent a subi des changements profonds de sa structure 
trophique à la suite de l ' effondrement des poissons de fond vers la fin des années 1980 
(Savenkoff el al. 2004, Savenkoff el al. 2007, Morissette et al. 2009). De plus, en 
association poss ibl e avec les changements climatiques, des changements ont été notés dans 
l' épaisseur et l 'étendue de la couverture de glace (déclin) et dans les moyennes de 
température (anomalies pos itives) (Galbraith el al. 2008). Toutefois, l' importance de ces 
facteurs environnementaux sur les populations de mammifères marins de l'estuaire et du 
go lfe demeure énigmatique pui sque les causes de mortalités sont très peu connues pour la 
majorité des espèces , hormi s le bé luga (Béland el al. 1987, Bé land el al. 1992, Martineau el 
al. 2002, Measures 2008). De même, nous di sposons de très peu de résultats de qualité 
concernant l' influence des diverses activités humaines sur les mammifères marins de 
l' estuaire du Saint-Laurent, à l'exception de quelques études concernant les pri ses 
acc idente lles de marsouin commun (Fontaine et al. 1994a, Lesage et al. 2006) et la 
nuisance par le bruit (Blane and Jackson 1994, Michaud and Giard 1998, Lesage el al. 
1999). Nous possédons une base de données sur les mentions d ' individus échoués qui ont 
é té systématiqueme nt recueillies depuis 1994. En couvrant une période de plus de 15 ans, 
cette base de données peut nous permettre d 'examiner les liens qui existent entre les 
événements d'échouages de diverses espèces et différents facteurs environnementaux et 
anthrop iques prove nant d 'autres bases de données, pouvant ainsi nous renseigner sur les 
facte urs critiques influençant la mortalité individuelle . Jusqu 'à maintenant dans l' es tuaire, 
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les données d 'échouages de mammifères marins ont été principalement utili sées dans des 
études portant sur les taux de contamination (Béland et al. 1987, Lebeuf 2009) et l 'état de 
santé des individus échoués (Béland et al. 1988, Béland et al. 1992), mais rarement en li en 
avec les changements environnementaux ou les activités anthropiques qui survi ennent dans 
l ' écosystème. A insi , il semble que ce type d 'études cadre parfaitement dans une dém arche 
scientifique visant i) une meilleure compréhension de l'écologie de la communauté de 
mammifères marins de l 'estuaire et du golfe du St-Laurent et ii) l ' identificat ion des facteurs 
critiques pouvant être déterminants pour leur conservation. 
5.2 Objectifs et hypothèses 
Les objectifs généraux de ce projet sont 1) d'examiner la distribution spatial e des 
événements d'échouages et leur variation interannuell e et sa isonni ère, 2) de dé tenniner 
l' influence des facteurs env ironnementaux abiotiques (c. -à-d. température de surface de 
l' eau, volume de la couche intel111édi aire froide , épaisseur et vo lume de la couve rture de 
g lace, débit d'eau douce et température de l' a ir) et bi otiques' (c.-à-d. abondance de 
zoop lancton et d ' algue tox ique) sur les variations interannuelles dans les événements 
d'échouages et 3) de quantifier l' impact des facteurs anthropiques (c.-à-d. prise acc iden te ll e 
dans des engins de pêche, blessure sévère de causes anthropiques , blessure par balle d ' une 
arme à feu, collision avec un navire et autres facteurs ne pouvant être c lassés dans une des 
catégories) sur les événements d'échouages. 
Pour notre premier objectif de nature descriptive, nous n ' avons défini aucune 
hypothèse. 
1 À noter que la nature des facteurs biotiques testés se limite à l'abond ance du krill dans l' estuaire et le go lfe 
du Saint-Laurent puisqu ' il représente le seul facteur pour lequel nous disposions d'une base de données 
pour notre aire d'étude. Aucune donnée n'est disponible, à ce jour, su r l'abondance du capelan, l'espèce clef 
de l'écosytème du nord-ouest du go lfe du Sa int -Lauren t (Grégoire et 01.,2008). 
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Pour notre second objectif, nous avons posé deux différentes hypothèses en 
fonction de la nature des facteurs environnementaux considérés. Premièrement, nous 
posons l ' hypothèse que la di sponibilité des ressources alimentaires (l e krill spécifiquement) 
influence la fréquence des événements d ' échouages de mysticètes. En vertu de 
l ' hétérogénéité spatiale et temporelle (interannuelle) dans la di sponibilité du krill dans 
l 'es tuaire et le golfe du Saint-Laurent, nous prédisons une relation négative entre sa 
disponibilité et la fréquence des échouages de cétacés qui s'en nourri ssent, où les années de 
raréfaction de krill correspondent aux années d ' abondance des événements d 'échouages de 
mysticètes . Deuxièmement, nous posons l ' hypothèse que la nature des facteurs 
env ironnementaux qui influencent les événemen ts d 'échouages devrait varier en fonction 
de l'espèce considérée. É tant donné les différences importantes dans la biologie et 
l'éco logie (p, ex. la sélection de l' habitat) des espèces à l'étude, nous prédisons i) que le 
couvert de glace devrai t avoir une influence négative et pos itive sur la fréquence des 
échouages observés chez les pinnipèdes pagophiles et les cétacés, respectivement, ii) que le 
débit d 'eau douce et l'abondance des algues tox iques devraient avo ir une influence positi ve 
sur la fréquence des échouages des espèces résidentes (béluga et phoque commun) et i i i) 
que la température de surface de l'eau devrait avoir une influence pos iti ve sur les 
échouages des phocidés pagophil es. 
Pour notre trois ième objectif, nous posons l ' hypothèse que la fréquence des 
événements d 'échouages es t influencée par l' intensité des activités anthropiques (p, ex. 
halieutique, transport maritime). À la suite de la mi se en place du Parc Marin Saguenay-
Sai nt-Laurent (1998) et du Réseau québécois d ' urgence pour les mammifères marins 
(2003) , nous prédi sons que l'occurrence des événements d 'échouages avec évidence 
d ' interact ions anthropiques diminue dans le temps en réponse à la diminution des 
interactions avec les mammifères marins. 
Le mémoire est divisé en deux principaux chapitres, chacun constituant un ouvrage 
destiné à la publi cati on, ce qui donne li eu à l ' utili sa ti on de la langue anglaise et à une 
certaine répétition de l' informati on. Le premi er de ceux -ci décrit quantitativement et 
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qualitativement les tendances temporelles et spati ales du nombre d 'échouages dans 
l' estuaire et le golfe du Saint-Laurent. Ces patrons sont examinés relati ve ment à des 
vari ables environnementales. Le second chapitre se penche sur une description des 
vari ati ons temporelles des échouages pour lesquels il y a évidences d ' interactions humaines 
(c.-à-d. prise accidentell e, arme à feu, colli sion avec des navires, blessures importantes et 
autres) . Le mémoire se temline par une conclusion générale en frança is énonçant les points 
saill ants de ces deux chapitres. 
CHAPITRE i 
INFLUENCE DES CHANGEMENTS ENVIRONNEMENTAUX SUR LES 
ÉCHOUAGES DE MAMMIFÈRES MARiNS D'UN ÉCOSYSTÈME ESTUARIEN 
1.1 RÉSUMÉ EN FRANÇAIS DU PREMIER ARTICLE 
Les échouages de mammifères marins so nt observés le long de toutes les côtes du 
monde, cependant, nous en conna issons peu sur les facteurs qui influencent la fréquence de 
ce phénomène biologique. Comprendre ces méca ni smes es t particuli èrement crucial pour la 
conservation des mammifères marins, pui sque 1 s observations d 'échouage représentent un 
indice de la fréquence de la mortalité. Afin de mi eux sa is ir les méca ni smes 
environnementaux indui sant les variat io ns temporell es des échouages de mammifères 
marins, nous avo ns examiné des menti ons d"échouages annue ll es de l'écosys tème du Saint-
Laurent au Canada, un e aire es tival e importante pour plus ieurs espèces de mammifères 
marins, et nous leur avons tra ité en perspec ti ve de re levés annuel s de divers paramètres 
environnementaux biotiques et abiot iques réco ltés dans la même rég ion, pour la période de 
1994-2008. Nos données montrent un e augmentat ion s ignifi ca ti ve de la fréquence des 
échouages à travers les années, avec un fort patron sa isonnie r ( Ics organi smes so nt 
principalement trouvés échoués durant l'été). Les conditi ons de l' eau (c.-ô-d.. le vo lume de 
la couche intermédiaire fro ide, débit d 'eau douce e t la température de surface) sont 
négativement cOITélés à la fréquence des événements d ' échouage de toutes les espèces (à 
l'exception des espèces pagophiliques pour le qu e ll es la re lation es t pos iti ve), a lors qu e 
l' influence des autres facteurs est propre à l' espèce. Le vo lume de g lace es t néga tivement 
cOlTélé aux événements d 'échouages de phoc idés pagophiliqu es e t de mys ticètes, 
respectivement. L'abondance de krill es t néga tive ment corré lée à la fréquence des 
échouages de myst icètes (petit rorqua l) et de marsouins communs. La température de 
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surface de l 'eau est négati vement et positivement corrélée à la fréquence des échouages de 
cétacés ( incluant le phoque commun) et de phoques pagophiliques, respectivement. De 
plus, nos données suggèrent que la fl oraison d'algue toxique Alexandrium tamarense 
observée en août 2008 a probablement causé un nombre inhabituellement élevé 
d ' événements d ' échouage de béluga, de marsouin commun, de phoque commun et de 
phoque gris. Globalement, cette étude empirique souligne l ' importance des relati ons 
partagées par les échouages de mammifè res marins avec les variations inte rannuel1 es des 
fac teurs env ironnementaux de l'écosystème du Saint-Laurent. Elle souli gne éga lement 
l ' ut ilité des relevés d 'échouage comme un indicateur bi o logique à long terme, foumissant 
des pistes sur les causes potenti e ll es de mortalité des mammifères marins. 
Ce pre mier art ic le, intitulé « Linking marine mammal strandings and environmenta! 
changes in an es fll arine ecosyslem», fut co-rédi gé par moi-même ains i que par la 
chercheuse Le na Measures et notre co ll aborateur Jean-C laude Brêthes. En tant que premier 
auteur, ma contri buti on à ce travail fut la récolte des données sur le terra in en 2008, la 
class ifi ca ti on et la va li dation de la base de données, les analyses stati stiques et la rédact ion 
du mémo ire. Lena M easures, la seconde auteure, a agi comme di rec trice de recherche en 
me gui dant lors de la rédacti on et la réco lte de données. Jean-Claude Brêthes, le trois ième 
auteur, Ill ' a prin cipalement aiguillée au cours du projet. V incent L' Hérault, quatr ième 
auteur, a contri bué à la rédac ti on et Sylvie Lessard, la cinquième auteure, a foumi la base 
de données des al gues tox iques, issue du programme de surveillance de M ichel Starr à 
l' Institu t Ma urice-Lamontagne. Les données d ' échouage à long tem1e ont été fournies par 
l' In stitut Mauri ce-Lamontagne (1 994-2002) et par le Réseau québécois d'urgence pour les 
mamm ifères marins (2003 -2008). L ' effort de terrain a été réa li sé par plus ieurs intervenants 
œuvrant au se in du Réseau québéco is d ' urgence pour les mammifères marins (RQUMM) : 
Station de recherche des Îl es Mingan, Réseau d ' observati on des mammifères marins 
(RO~v1~,,1 ) , Centre québécois pour la santé des animaüx saüvagcs (CQSAS), lnsti tüt nâti ûûâ] 
d 'éco tox ico logie du Saint-Laurent (lNESL), Fondati on Québec-Labrador, A mphi bia 
l' ature, Centre d 'éducat ion et de recherche de Sept-Îles (CERSI), Exp loramer et Zoo 
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sauvage de Sa int-Fé li cien. Une version abrégée des résultats de cet artic le a été présentée 
lors de la rencontre annue lle de la Society for Marine Mammalogy en 2009. 
1.2 LINKING MARlNE MAMMAL STRANDINGS AND ENVIRONMENTAL 
CHANGES IN AN ESTUARlNE ECOSYSTEM 
MARIE-HÉLÈNE TRU CHON t, MESURES, L. * BRÊTHES, J-c. t, L'HÉRAULT, V.:j: , AND 
LESSARD S. * 
* Ins tit ut Mauricc- Lamontagne, Pêches et Océans Canada, 850 ro utc dc la Mer. Mont-Joli , Qc. Canada, G5H 
3Z4 , e mail mari e-he lene .truchon@ uqar.qc.ca 
t lns titut des Sciences dc la Mer, Univers ité du Québec, 3 10 a llée des Ursulincs. Rimouski . Qc. Canada, G5L 
3A l , Canada 
j Départcment de Bio logie, chimie et géographi e, Univers ité du Q uébec à Rimouski. Qc, Canada. G5L 3A l 
Abs tr-act 
Marine mammal stranding events are reported ail a long the coas ts of the world , yet 
very littl e is known about the factors wh ich impact the occurrence of th is biological 
pheno menon. Understa nding these mechanisms is part icu lar ly cruc ia l for marin e mammal 
conserva ti on as st randing observation represents a proxy for morta lity occurrence. To better 
understand whi ch env ironmental mechanism s generate variati on in marine mammal 
strandings , we examined annual stranding records in Canada's St. Lawrence ecosystem , a 
major feed ing ground for various marine mammals, and compared stranding rates w ith 
annua l records of bi ot ic and abiotic env ironmental parameters co ll ected in th e same area , 
fo r the 1994-2008 peri od. Our data showed a s ignifi cant increase in the occurrence of 
s trandings over time, and a strong seasonal pattern (organism were mos tl y fo und stranded 
d urin g summer) .Wate r conditions (i.e. vo lume of the co ld inte rm ed iate layer, freshwater 
runoff and sea urface temperature) was nega ti ve ly cOlTe lated to the occurrence of 
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stranding events in aIl specles (except pagophilic spec les for which the relation was 
positive), whil e influence of other factors was species-specific . lce volume was negatively 
correlated to stranding events in pagophilic phocids and mys ti cetes, respectively . Krill 
abundance was negatively correlated to the occurrence of strandings in mysticetes and 
harbour porpoi se. Sea surface temperature was negatively cOlTelated to the occurrence of 
strandings in a few cetacean species, while it was positively corre lated with pagophilic 
phoc id strandings . Moreover, our data sugges t that the tox ic algal bloom of Alexandrium 
tamarense observed in August 2008 most likely caused an unusually high number of 
stranding events for beluga whale, harbour pOl"poi se, harbour and grey seals. OveraIl , thi s 
empiri cal study highlights the important relationships marine mammals stranding events 
share with inter-annual vari ati on of environmental fac tors in the St. Lawrence ecosystem . It 
also point out the importance of stranding records as a long-term biological indicator for 
potential mortality causes in marine mammal populations. 
Key words: marine mammal mortality, environmenta l change, ice coyer, harmful 
algal bloom, resource ava il ability. 
23 
Introduction 
Since recent years, there is a need to deve10p our understanding on how 
environmenta1 changes may affect marine communities as many of them are threatened 
(Harwood 2001, Leannonth et al. 2006, Simmonds and Isaac 2007, Moore 2008). Marine 
mamma1s are species of particu1ar interest from a conservation perspecti ve as their high 
trophic leve1 makes them most sensitive to perturbations in ecosystem and their charismatic 
status is common1y used to raise public awareness (Aguirre and Tabor 2004, Morissette et 
al. 2006, Moore 2008). Although numerous studies and dedicated conservation efforts were 
put forth, the ecology of marine mamma1s remains poorly understood as their marine and 
non-sedentary Iifestyles, long generation times and protected status make them particularl y 
difficult to study (Gull and and Hall 2007). 
Stranding event records represent a long-term biological indicator that provides 
ins ights on the environmenta1 factors influencing demographic processes in marü1e 
mammal populations, as weIl as their vu lnerability to human-induced changes in their 
env ironment (Pe/Tin and Geraci 2002, Byrd el al. 2008) (8radshaw et al. 2006). For 
example, stranding observation networks play a major ro le in the detection of unusual 
mortality events (Wi lkinson and Worthy 1991 , Malakoff 200 J). Stranding even ts are 
unpredictable, and depend on many factors which affect individua l mortality (e.g. , human 
incidence, disease, intox ication, environmental conditions; (Geraci et al. 1989, Lipscomb el 
al. 1994, Fertl and Leatherwood 1997, Lai st et al. 2001, Taylor 2003 , Vos et al. 2003 , Mac 
Leod et al. 2005)) and/or distribution of species (Leeney et al. 2008). Recently, some 
studies linked inter-annual variability in stranding events to changes in climate and thus 
highlighted the utility of stranding events to investigate the influence of environ menta l 
changes on marine mammal populations (Evans el al. 2005, Hart el al. 2006). 
Marine mamma1 stranding reports were systematically recorded along the shores of 
the St. Lawrence ecosystem from J 994 to 2008. Recen t changes reported in env ironmenta l 
cond itions and in marine community structure (i.e. , more years w ith low ice cond iti ons, 
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changes in zooplankton composition and abundance) (StaIT et al. 2002, Savenkoff et al. 
2007, Harvey and Devine 2008, Galbraith et al. 2008) might have influenced marine 
mammal populations of the St. Lawrence ecosystem. Hence, analyzing the interaction 
between marine mammal stranding events and environmental parameters recorded in the St. 
Lawrence ecosystem might help better understand the critica l oceanographic mechanisms 
impacting populations of these predators. 
The objective of the present study was to investigate the existence of temporal 
variati on in marine mammal stranding events with respect to changes reported in bioti c and 
abiotic conditions in the Estuary and the northwestern Gu lf of St. Lawrence for the 
1994- 2008 period . We hypothesized that the nature and direction of the environmenta l 
factors influencing marine mammal stranding events would vary amon g spec ies. According 
to di fferences found in species ' ecological and biological characteristics (i. e., differences in 
sedentary vs nomadic di stribution), we predict that i) water condition (cold intermediate 
layer vo lume, freshwater mnoff and sea surface temperature) w ill negati ve ly influence 
strand ing even ts in ail marine mammal spec ies, ii) ice cover w ill negative ly and pos iti vely 
influence pagophili c sea l and cetacean s tranding events, respecti vely and iii ) krill 
abundance w ill negative ly influence mysticete s tranding events. These predictions follow 
th e logic that these environmental parameters are mostly influencing marine mammal 
individual mortality (e.g., in a good year of resource abundance, mortality per capita should 
be lower) rather th an spec ies di stribution which might influence the OCC UlTence of total 
mortality (e.g., in a good year of resource abundance, more individua ls may distribute 




Areas where stranded marine mammals were documented include the northwestem 
shore of the Gulf of St. Lawrence (GSL) and the St. Lawrence Estuary (SLE), Quebec, 
Canada (Northwest Atlantic Fisheries Organisation Divi sions 4S and 4T) (Fig. 2. 1). The 
SLE and the GSL are two complex and dynamic systems that receive great quantiti es of sa lt 
and fresh waters (White and Johns 1997) . The SLE is characterised by a s ill at the mouth of 
the Saguenay River that separates its upper and lower sections (EI-Sabh and Silverberg 
1990). This sill causes an important tidal upwelling of cold , saline and mineral-rich water 
assoc iated w ith one of the richest krill aggregat ions of the North At lanti c (Cotté and Simard 
2005) and high aggregations of fi shes such as cape l in (Marchand et al. 1999, S imard el al. 
2002) . The GSL is a semi-enclosed sea w ith a bathymetry dominated by the Laurentian 
Chan nel. The Esquiman and Laurentian Channe ls all ow deep Atlantic waters into the Gu lf 
through Cabot Strait and the Strait of Be ll e Is le. The comb inat ion of these inflows, tides, 
with a tmosphere circulation and exchanges, seasonal ice coyer and freshwater runoff resu lt 
in an anti-cyc lonic circulati on w ith a wind-driven upwelling along the north shore 
(Therriault 1991 ) . Persistent high density aggregations of kril l make the SLE and the 
northwestem GSL important feedin g grounds fo r a vari ety of marine mammal species in 


















In formati on on marine mammal strandings originated from phone ca ll s made by the 
public, po lice, con erva ti on officers, non-governmental organizations, municipal and 
prov incial instituti ons. As a result, we could not control for variation in stranding sampling 
effort over the time pe ri od. Nevertheless, adve rti sements were done consistently over the 
yea rs to make citizens aware of the network. From 1994 to 2002, stranding da ta were 
co ll ec ted by Fisheri es and Oceans Canada (DFO) at the Maurice Lamontagne Institute 
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(MU, Mont-Joli , Qc, Canada) . Beg inning in 2003, stranding data were collected by 
RQUMM (Réseau québéco is d 'urgences pour les mammifères marins), a marine mammal 
response network co-ordinated by the non-governmental organization GREMM (Groupe de 
recherche et d 'éducation sur les mammifères marins) . We systematically examined 
stranding records , from these two data bases . In thi s study, a stranding record corresponds to 
when a marine mammal comes ashore sick, weak or dead . A mass stranding event involves 
at least two an imaIs ashore at the same place and time, except for cases involving a female 
and its young (Geraci and Lounsbury 2005a). Stranding events (either single or mass 
strandings), regardless of the number of animaIs in each event, were used as the sampling 
unit for analyses. Mass strandings were examined separate ly. Drifting carcasses and 
strandings suspected to have invo lved a human activity were exc luded to minimize biases 
and over-estimati on of events. 
Ana lyses of stranding data inc luded only those cases where identification of marine 
mammals was confirmed (pictures and/or a reliable observer). Thus, ambiguous cases of 
spec ies identification were c lass ifi ed as "seal spp." or "cetacean spp." and were exc luded 
from single-spec ies ana lyses. Equivocal reports of stranding events were removed from 
subsequent analyses. Seasons were defined as Spring (Sp) - March to May, Summer (S) -
June to August, Fall (F) - September to November and Winter (W) - December to February. 
Environmental data were obta ined from various monitoring programs of the DFO 
(M U ). Data inc luded abundance of toxic algae (Michel Starr and Sylvie Lessard , 
unpllbli shed data) , krill abundance and biomass (Michel Harvey, lInpubli shed data) , sea 
surface temperature (SST), air temperature, freshwater runoff, volume and minimum 
temperature of the cold intel111ediate layer (CIL) and volume and ex tent of sea ice coyer 
(Ga lbraith el al. 2008) . 
Abllndance of toxic a lgae was recorded at eleven coastal stations where 
phytoplankton samples we re taken every week from mid May to late October. Seven 
spec ies , that have po tenti a l toxie effeets, were cons idered : Alexandrium spp ., D inophysis 
spp. , GYl11nodin iul11 l11ikim% i, Prorocenlrul11 lima, Prorocentrum minimum, Pseudo-
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nitzschia pseudodelicatissima and Pseudo-nitzschia seria/a. Krill abundance included three 
species (Meganyctiphanes norvegica, Thysanoessa raschii and Thysanoessa inermis) and 
was collected at four fixed stations (Anticosti Gyre, Rimouski, Gaspé Current and Shediac 
Valley) in mid-June and late fall (late October and early November). Zooplankton 
collections and standard measurements are outlined in Mitchell et al. (2002). 
We chose dynamic abiotic variables (i. e., sea surface temperature and ice volume) 
rather than static abiotic variables (i.e. , bottom topography) given that dynamic variables 
are known to have a stronger influence on habitat selection and spatial distribution of 
marine mammals in this and other regions (Friendlaender el al. 2006, Doniol-VaJcroze et 
al. 2007 , Skov et al. 2008). Dynamic oceanographic variables affect the abundance and 
aggregation of some marine mammal pre ys (Simard et al. 2002, Redfern et al. 2006, 
Simard el al. 2008) and thus may be a good predictor of marine mammal distribution 
(Doniol-VaJcroze et al. 2007). Similarly, the presence of high zooplankton aggregations 
have been documented in the Estuary and NWGSL and are known to be associated with 
large whale distributions in other areas (Croll el al. 1998) and likely in the St. Lawrence as 
weIl (Simard and Lavoie 1999, Cotté and Simard 2005 , Sourisseau et al. 2006). Abundance 
of toxic al gae was, mOI-eover, incJuded as a variable that may cause mortality in marine 
mammal populations (Geraci et al. 1989, Flewelling et al. 2005, Doucette el al. 2006). In 
the Estuary, the development of hannful algal blooms (HABs) are promoted by freshwater 
runoff (Weise et al. 2002 , Fauchot el al. 2005) which may also be an important factor 
acting on the distribution of beluga whale (Vladykov 1944, Goetz el al. 2007). 
Subsequently, we also incorporated freshwater runoff data in our modelling. 
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DaIa analyses 
Species were selected for analyses using a minimal threshold of n > 10 stranding 
events for stati stical reasons . At first, to detect differences between years and seasons in the 
species composition of the entire data base, we used permutations with PERMANOY A v. I 
(Anderson 2001 a). COITect P-values were obtained through Monte Carlo random draws for 
the asymptotic pelTl1utation di stribution (Anderson and Robinson 2003). Then, ANOYAs 
were perfom1ed to detec t differences in the occulTence of strandings between years and 
seasons for each species . These analyses were followed by pos t-hoc t-tests for s ingle 
fac tors (i .e. years and seasons). Although our data do not represent a sampling of a who le 
populati on and therefore we do not have replication of samples and thus variance, we used 
ANOYAs to test temporal vari ability of stranding occunence. W e beli eve that the use of 
ANOY A is acceptabl e because the parametric test of ANOY A is more severe to observed 
signifi cant tendencies compared to simple observations of stranding occunence by year and 
season . Kruska ll -Walli s tests were used when large inter-annual di fferences ex isted in 
sam pIe s izes and vari ance prec luded use of parametri c ANOY A as we Il as mathemati c 
tra nsfo ll11ati ons (Zar 1999). As stranding events are sporadic and unpredictabl e, we 
assumed independence between years and seasons. 
Linear regression models were performed to deterrnine assoc iations between 
tempora l changes of stranding and those of biotic and abiotic vari ables for each spec ies, 
from 1994-2007. The year 2008 was not considered because we already identifi ed the cause 
of the unusual high number of stranding events during this year. This high in 200 8 may 
influence models obta ined as an outli er, thus precluding the observation of annual 
tendencies from 1994-2007. ln model selection, a theoreti cal informati on approach is 
recommended over stepwise signifi cance testing because it usually yie lds better models and 
leads to a c1earer understanding of predi ctor vari ables (Greaves et al. 2006). Thus, vari abl es 
w ith eco logicall y signifi cance or influence were initi ally selected (Anderson et al. 2000) . 
Aka ike ' s informati on Criteri on (AIC) was used to se lect the most parsimonious mode l 
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based on the lowest value and those with differences of < 2 AIC units were considered we Il 
supported by data (Burnham and Anderson 2002). Model averaging was performed when 
models were relatively simi lar to obtain residuals of each variab le se lected by the most 
parsimonious model selected. 
We have restricted our models to have no collinear variables by a Pearson 's 
cOITe lation coefficient > 0.6 . To avoid problems in regress ion fittin g caused by the stron g 
correlation of ice cover w ith krill abundance (0.7) and CIL vo lume (0.6), we used the 
residuals of ice cover vo lume, indicating the deviati on from the average of thi s va riable 
(resICEY), as a predictor (Bu isson et al. 2008) . Thus, the seven predi ctors (air temperature, 
CIL vo lume, SST, freshwater runoff, resiCEY, krill abu ndance and toxic algae abunda nce) 
chosen for ana lyses, were poorly cOlTe lated. Fina ll y, th e most parsimoni ous model was 
compared to a null model (i .e. without predictor variabl es) to eva luate th e power of 
env ironmental variables se lected by thi s model for each spec ies. Logarithm transfo rm at ions 
were applied to data when criteria of normality of di stributi on and homogeneity of va ri ance 
were not met (Zar, 1999). ANOY As and mode l se lecti on ana lyses we re performed us ing R 
v2.4 computer software (R Development Core 2009) . 
The locations of stranding events were reco rded accordin g to th e c loses t city, town 
or vill age and were poo led by yea r into two groups, cetace an (sma ll and large ce tacea n) and 
sea ls. Di stribution maps, created using ArcMap 3.1 (ESRI , Redlands, CA , USA), we re used 
to exp lore the spatial variation of stranding events and to identify potenti al geographic 
concentrations or "hotspots". 
Results 
From 1994 to 2008, 11 93 stranding even ts were reported on the shores o f the St. 
Lawrence, and included 549 ce taceans (405 odontocetes, 96 myst icetes and 48 ce tacea n 
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spp.) and 644 pinnipeds (260 identified to species; Table 2.1). Cetacean stranding reports 
included 10 species of odontocetes and 5 species of mysticetes. Minke whales 
(Ba /aenoptera acutorostrata) (N=61) and beluga whales (Delphinapterus /eucas) (N=205) 
were the most frequentl y reported rnysticete and odontocete, respec ti ve ly. Pinniped 
stranding reports included fi ve species of phocids, where harbour sea ls (Phoca vitulina) 
(N=80) and grey seal s (H alichoerus gryp us) (N=80) were the rnos t frequentl y reported. 
Stranding events mostl y involved individual stranding, ye t 22 mass stranding events were 
reported (e.g mostl y in the M agdalen Islands, where they represented 4 \ % of reports). 
M ass strandings involved mostly harp seals (Phoca groen/andica) and Atl anti c white-s ided 
dolphins (Lagenorhyncus acutus). There was very few stranding observa ti ons concernin g 
rare or less cornrnon spec ies of the St. Lawrence Estuary (i.e., pygmy spenn whale (Kogia 
breviceps), common (De/phinus de/phis) and striped do lphins (Slenella coeru/eoa/ba), 
northern bottl enose whales (Hyperoodon ampullatus), pilot whales (G/obicephala me/as), 
Sowerby ' s beaked whales (Mesop /odon bidens ) and bearded seals (Erignatus barbatus) 
which prec luded stati sti ca l inves ti ga ti ons. 
Distribution o/,stranding evenls 
Stranding events genera ll y occurred more frequentl y along the south shore of the St. 
Lawrence Es tuary cornpared to the north shore (Fig. 2.2-2.3). Distribu tion patterns w ide ly 
vari ed between the two groups (cetaceans and pinnipeds). While the major ity of cetacean 
stranding events were reported near and opposite of the Saguenay fj ord 's mouth , in the 
lower St. Lawrence Estuary and on the islands shoreline, pinniped strand ing reports ca me 
regularl y from the upper Es tuary and the St. Lawrence River. 
Tab le 2.1 Species composition of marine mammal stranding reported (N = 1193) in the Estuary and the Gulf of St. Lawrence, 
Quebec, Canada, for the period 1994-2008. 
Species Years Total 
1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 
Mys lticctc 
Ba/aenoplera oculoros frafa 2 4 4 5 6 9 6 2 7 1 6 5 3 61 
Ba/aenop fero physa/i-Is 1 2 3 4 2 1 2 2 2 2 25 
Ba/aenoptero museulus 1 7 
Megap/era l1ovaeang/iae 2 
Euha/aena g lacialis 1 
Subtota l 2 3 5 6 6 10 12 11 5 9 4 9 7 6 96 
Odontocctc 
De/phinap ferus /eucas 14 13 9 13 12 16 11 12 16 15 19 8 9 15 23 205 
Phoeoena phocoena 3 .., 6 6 Il 17 22 12 13 12 12 Il 19 148 .J 
Lagenorhynchus aculus 3 6 3 1 5 1 1 2 7 2 33 
De/phinus de/phis 1 2 
Stem'lIa coeru/eoo/bo 1 1 
G/obicephala me/as 2 6 
Hyperoodon ampu//ofuS 2 3 
Mesop/odon hidens 1 
Physe/er l11ocrocepha/us 5 
Kogia hreviceps 1 
Subtota l 22 14 10 18 19 29 25 31 45 29 32 22 27 34 48 405 
Cetacca sp. 1 2 2 2 5 5 8 5 2 2 2 5 3 2 2 48 
Subtota l 25 19 17 21 30 40 43 48 58 36 43 31 39 43 56 549 
Ta ble 2.1 continued. 
Specics Years Total 
1994 1995 1996 1997 1998 1999 2000 200 1 2002 2003 2004 2005 2006 2007 2008 
Pinnip cd 
Phocu 1'i/l//ino 2 5 6 5 6 10 7 8 6 6 3 14 80 
!-Io/ichol!rl/s gnpus 1 , 3 2 3 3 1 7 4 6 5 3 38 80 .) 
Phoco grncn/ondic({ 2 2 2 2 4 4 5 4 2 3 2 2 35 
C\ 's/o/Jhoru cris/% 3 , 8 2 7 2 8 28 2 64 .1 
E,.ignu//71I.l' horho/I/.I' 1 1 
Scal spp. 8 II 33 14 Il 17 Il 21 22 18 III 13 84 34 72 384 
su btotal 13 14 42 25 13 38 25 40 41 33 28 35 126 42 129 644 
Total 38 33 59 46 43 78 68 88 99 69 71 66 165 85 185 1193 
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Figure 2.2 Distr ibution of cetacean 's stranding events in the Estuary and the Gulf of St 
Lawrence, Quebec, Canada, from 1994 to 2008. 
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Figure 2.3 Distribution of seal stranding events in the Estuary and the Gulf of St. 
Lawrence, Quebec, Canada, from 1994 to 2008. 
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Temporal variability in stranding events 
W e investi gated temporal variability in stranding patterns. Overall , stranding reports 
were significantly more frequent during summer compared to other seasons (Figure 2.4) . 
Thi s trend held for odontocete (F3, 179 = 56.74, P < 0.001 ), pinniped (F3,179 = 33,53, P < 
0.00 1) and mysti cete (chi2= 37 .02, df = 3, p < 0.001 ), while stranding numbers during the 
fa ll remained comparable to summer for cetaceans. 
Although marine mamm al strand ing events seemed to follow cycli c patterns over 
years, their OCCUlTence increased overall during the pas t 15 years (R 2 = 0.59, p < 0.00 1) 
(F igure 2.5) . Thi s trend was likely dri ven by the lows at the beginning of the time series 
(1994 to 1998) fo ll owed by highs at the mid-end (1 999- 2007) and the very end (2008) of 
the time seri es. Harbour porpoises most closely fit thi s trend where stranding events 
recorded fo r that spec ies showed an upward shift in 2000, remained high afterward and 
fi nall y peaked in 2008 (R2= 0.50, P < 0.05) (Figure 2.6a) . Strandings of four other spec ies 
(beluga whale, hooded seaJ, harbour sea l and grey sea l) remained consistently low ove r 
time but stately peaked at the end of the time seri e (F igure 2.6b). 
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Figure 2.4 Seasonnal vari ability in mean number of marine mammal stranding events in 
the Estuary and the Gul f of St. Lawrence, Quebec, Canada, for the peri od 1994- 2008: a) 
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Figure 2.5 lnter-annual vari at ion in marine mammal s tranding events a long shores of the 
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Figure 2.6 Inter-annual variati on of strandin g events : a) harbour por-poises, b) beluga 
wha les in summer (b lack bars) , grey sea ls (hatched bars), harbou r seal s (grey bars) and 
hooded sea ls (squared bars) and c) Atlan ti c white-s ided do lphins (b lack bars), harp sea ls 
(hatched bars) , fin w hales (grey bars) and minke wha les (squared bar) in the Estuary and 
the Gu lf of St. Lawrence, Quebec, Canada, Fro m 1994 to 2008_ 
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The first peak in stranding events observed in 2006 was specifically related to a 
higher-than-usual (28 stranding events in 2006 compared to 4 stranding events per year 
from J 994- 2008) number of reports for hooded seal juveniles (blueback) (chi 2 = 27 .07, P = 
0.02, Fi gure 2.6 b) . The second and most major stranding event peak was observed in 2008 
and apparentl y resulted from multi-species stranding reports that involved beluga whales 
(R2 adj = 0.28, F 14.44 = 2.22, P = 0.03), harbour porpoises (R
2
adj . = 0.26, F 14 ,44 = 2.10, P = 
0.04) , harbour seals (R2aj = 0.27, F I4 .44 = 2.19, P = 0.04) and grey seals (Fi gure 2.6a and b) . 
During thi s particul ar event, more than 65 marine mammals were found stranded 
(ca rcasses) on the south coast of the St. Lawrence Estuary within one month only (in 
August). Grey seals were particularly affected during this time span. For that speci es, the 
number of stranding events in August 2008 was 35 individua1s, J 22 times the 1994- 2007' s 
ave rage for that month . Results from necropsies performed on dead marine mammal 
carcasses found stranded during August 2008 indicated that most anim aIs were in good 
nutriti onal condition with no lesions attributable to any infectious, parasitic or other 
eti o logica l agent (Stéphane Lair, University of Montréal , p ers. comm.). However, hi gh-
performance liquid chromatography (HPLC) revealed the presence of paralytic she llfi sh 
poisoning tox ins, attributable to A lexandrium tal11arense, in marine l11 ammals ti ssues 
(namely beluga whale, harbour pOl-poise, harbour seal and grey seal), and into fl esh from 
va ri ous other animaIs including invertebrates and fi shes species (Michael Quilliam, 
Na ti onal Research Council of Canada, unpubl.data). These findings indicate that these 
unusual stranding events documented in August 2008 were apparently caused by a hannful 
alga l bloom of Alexandriul11 tamarense. Marine mammal carcasses were found ashore after 
the bl oom passed during its drift from Tadoussac to the south shore, to Rimouski and then 
towards the end of the Gaspé Peninsula. High concentrations of A. lal11arense were 
confirmed by anai ysis of water samples (Michel Starr MU, unpubl. data) . 
Finûll y, mysti cctcs, vvhite-sided dolphins and hârp scals did not folI oVv' previoüsly 
menti onecl patterns in their stranding events. While stranding events in minke whale 
fo ll owed a po lynomi a l (inversed bel! curve) trend, fin whale, white-sided dolphin and harp 
sea l stranding events did not significantly vary over time (Figure 2.6c) . 
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Influence of the environment on inter-annu al stranding variation 
Multiple linear regress ion models showed that inter-annual changes 111 
environmental parameters signifi cantl y influenced the occurrence of marine mammal 
stranding events over the period 1994- 2007 (i. e., models signifi cantly differed from the 
null models, p < 0.05) (Table 2.2). Explanatory power of models incIuding several 
environmental parameters grea tl y varied according to the species considered (ranging from 
12% to 80% for the best models, Table 2.3). ln the parti cular case of harp seals, as the bes t 
mode l weakly explained indi vidual stranding variation, we substituted individual stranding 
events with mass stranding events which involved several individuals at time. The 
exp lanatory power of our models then reached 62% and thus represented a more solid 
ana lysis. Species for whi ch models had the best predi cti ve power included hooded seals 
(80%), harbour pOl"poises (57%), harbour seals (47%), minke whales (47%) and fin whales 
(31 %) (Table 2.3) . 
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Table 2.2 Model selection resu lts (Aikaike information criterion, AlC) from multiple linear 
regressions inciuding environmentai parameters as predictor of inter-annuaÎ variation in 
marine mammal stranding events in the Estuary and Gulf of St. Lawrence, Quebec, Canada, 
for the period 1994- 2007. See legend below. 
Speci es Model s AIC ""AIC 
Phoca vil/dina SST + FW + Vo l 0 66.27 0 
SST + FW + Vol 0 + Krill a + reslCEV 66.50 -0 .23 
SST + FW + Vol 0 + reslCEV 67.28 - 1.0 1 
SST + FW + Vol 0 + reslCEV 67.28 - 1. 0 1 
Tair + SST + FW + Vo l 0 + krill a 67.43 - 1. 16 
SST + FW + Vol 0 + Krill a + TB + resICEV 67.55 -128 
Tair + SST + FW + Krill a 67. 65 - 1.38 
v; 
Tair + SST + FW + Vol 0 67.74 v - 1.47 
t.) 
FW+ Vo l 0 + Krill a + reslCEV 6806 - 1.79 v co.. 
v: SST + FW + Vol 0 + TB 68.07 - 1. 80 -c 
v Dc/phinap lem s /ellcas SST + FW 7 1.43 0 v 
(Jl FW 7204 -0 .6 1 ü 
c::: FW + Vo l 0 + SST 7254 - 1.1 1 
SST + FW + TB 7257 - 1.1 4 
FW + Vo l 0 7280 - 1.3 7 
Tair + FW 730 1 - 1.58 
Tair + FW + TB 7308 - 1. 65 
Tair + SST + FW 73.25 - 1. 82 
FW + TB 73.25 - 1.82 
SST + FW + Vol 0 + TB 73.3 0 - 1. 87 
PhococnG phocoena SST + FW + Vol 0 + K rill a 85 .38 0 
SST + FW + Vol 0 + Krill a + TB 85.42 -0.04 
SST + FW + Vol 0 + TB 85.78 -0 .40 
FW + Krill a 85.94 -0 .56 
SST + FW + Krill a 86.17 -0 .79 
Tair + FW + Vol 0 + kri ll a + TB + res lCEV 86.22 -0 .84 
SST + FW + Vo l 0 86.23 -0 .85 
v; FW + Vo l 0 + Krill a 86.44 - 1. 06 v 
t.) Tair + FW + Vol 0 + Krill a + reslCEV 86.56 - 1.1 8 C) 
co.. Tair + SST + FW + Vol 0 + Krill a 86.84 - 1.46 v; 
i:: 
e Lagenorhvnchlls aC/IIlIS FW + VoI O 6.58 0 
tJ) 
Vo l O 7.02 -0.44 
2 FW + res lCEV + TB 7.58 - 1. 00 
FW + Vol 0 +TB 7.80 - 1.22 
SST + FW + Vol 0 8.0 1 - 1.43 
FW + Vo l 0 + res lCEV 8.33 -175 
n v + reslCE V 8.38 - 1.80 
SST + Vo l 0 8.5 1 - 1.93 
FW + Vo l 0 + Krill a 8.52 - 1.94 
Tair + FW + Vo l 0 8.5 7 - 1.99 
Table 2.2 continued. 
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Air tempe rature 
Sea surface temperature 
Vol O 
Vo l 0 + Krill a + reslCEV 
SST+VoIO 
Krill a + TB 
Vo l 0 + resICEV 
Vo lO + Krilla 
Vo l 0 + Kri ll a + TB 
Vo IO + TB 
Krill a 
SST + Vo l 0 + TB 
Tair + FW + Krill a + TB + res lCEV 
Tair + FW + Vol 0 + Krill a + TB + res lCEV 
SST + FW + Krill a + TB + reslCEV 
FW + Krill a + TB + reslCEV 
Tair + SST + FW + Krill a+ TB + res lCEV 
Ta ir + Krill a + TB + res lCEV 
SST + FW + TB + reslCEV 
SST + VoIO 
Tair + FW + Vol 0 + TB 
VolO 
SST + FW + Vo l 0 
SST + FW + Vo l 0 + TB + reslCEV 
Tair + FW + Vo l 0 
FW + Vo I O 
Tair + SST + FW + Vo l 0 + TB 
FW + TB + res lCEV 
SST + FW + Vo l 0 + TB + res lCEV 
Tair + SST + Vo l 0 + TB + reslCEV 
SST + FW + Vo l 0 + Kri ll a + TB + res lCEV 
Vo l 0 + TB + res lCEV 
FW + Vo l 0 + TB + res lCEV 
SST + Vo l 0 + TB + reslCEV 
Vo l 0 + res lCEV 
Tair + FW + Vo l 0 + TB + reslCEV 
Tair + Vo l 0 + TB + res lCEV 
SST + FW + Vo l 0 + TB + res lCEV 




Cold intermediate layer volume at aOc v o l a Km 3 
Ice cover volum e residuals res lCEV Km 3 
Freshwater runoff FW la3m3s·I 
Abundance of krill Krill a ind. m·3 











6 1.04 -1.55 
54. 14 0.00 
55.00 -0. 86 
55 .27 -1. 13 
55.5 1 - 1.37 
55.67 - 1.53 
55.68 -1.54 
40.68 0 
41 .0 1 -0.33 
4 1.24 -0.56 
41.38 -0 .70 
41.55 -0 .87 
42. 12 -IA4 
42 . 15 - IA7 
42 .22 - 1.54 
42.23 - 1.55 
42.37 - 1.69 
2.08 0 
246 -0.38 
3.90 - 1. 82 
36.09 0 
36. 77 -0.68 
37. 32 - 1.23 
37.5 - l A I 
37.53 -IA4 
37.61 -1 .52 
37.77 -1.68 
38.06 - 1.97 
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Table 2.3 Multiple linear regression model coeffic ients for environmental parameters tes ted as predictors of inter-annual 
vari ati on in marine mammal stranding events in the Estuary and Gul f of St. Lawrence. Quebec, Canada, for the 1994- 2007 
peri od. 
Va ri abl es Res ide nt speci es M igrant speci es 
Pv DI Pp Log. La 
SST -2 .27 6 -2. 19 -3.49 
Ta ir 
Vo lO - 6.787 e-04 * _8.71e-04 -6 .74 e-os 6 
reslC EV 
FW -0 .001 * -0.001 * -1.17 e-04 
Log. I<r i ll a -7.07 
Log.TB 
Adj ust ed R2 0 .47 0.29 0 .57 0 .28 
6 p < 0 .1 * P < 0 .05 * * P < O.Ol *** p < O.OOl 
Pv = Phoca "il l/ lina, harbour seal 
Dl = De/ph inaplem s leucas, beluga whale 
Pp = Phococl1a phocoel1a , harbour pOl-poise 
La = Lagel1orhYl1 chus oculus, Atl antic whi te-sided do lphin 
Hg = Halichoerus grypus , grey seal 
Ba = Balaenoptera acu/orostrata, minke whale 
Bp = Balaenop/era physalus , fin whale 
Cc = Cys/ophora cris tata, hooded seal 






Ba Bp Log. Cc Pg 
-7 .91e-01 5 .26e-01 ** 
2.91e-01 
-2.08e-04** * -2 . 78e -04 *" 
_1.4ge -10 
* -7 .20e-1l * -3 .61e -ll ** -1.27e-1O * * 
-8 .4ge-04 -5.38e -04 * 1.91e-04 * * 
-2.87 6 
3.15 * -1.17 6 .26e-01 ** 9.94e -01 
0 .74 0.30 0.80 0.62 
45 
Water condition in general , including cold intermediate layer (CIL) vo lume, sea 
surface temperature (SST) and freshwater runoff, were recurrent variables se lected ID 
models. Indeed, these three variables were negatively correlated to stranding even ts 111 
cetaceans (i.e. harbour porpoise, minke whale and fin whale). However, the re lationship 
between seal stranding events and water condition was somewhat more complex and 
species-dependent. While stranding events of harbour sea ls were negatively COlTelated to 
CIL vo lume, SST and freshwater nll1off, hooded seal and harp seal (pagophilic spec ies) 
strand ing events were nonetheless positively influenced by SST. 
Relationships between marine mammal stranding events and other environmenta l 
parameters were less ubiquitous but spec ies-dependent. lce conditi on was negat ively 
corre lated to stranding events for both pago philic sea ls (hooded and harp sea ls) and 
mysticete spec ies (minke and fin whales). Furthermore, krill abundance was nega tively 
corre lated to strandin g events in harbour porpo ises and minke whales . F ina ll y, 
concentrati ons of Alexandrium famarense (toxie algal bl oom) were positively corre lated to 
stranding events in minke whales, harp sea ls and hooded seal s but negative ly corre lated to 
strandin g events in fin w ha les. 
Discuss ion 
T he influence of environmenta l parameters on inter-annua l var iat ion 111 st randin g 
events has rarely been examined for m arine mamma ls. Using a long-time seri es of 
stranding reports , we detected s tro ng seasonality and inter-annu al vari at ion in marine 
l11ammal stranding events. R egardl ess of spec ies-dependent differences observed in inter-
annual variati on pattems, we noti ced a s ignifi cant inerease in marine mammal stranding 
events over th e 1994- 2008 peri od. This tendency was partl y exp la ined by two peaks in 
stranding events observ ed at the end of th e time series (in 2006 and 2008), and by an 
upward shift in harbour po rpoise strandin g events in 2000 . The most major peak occulTed 
in 2008, affected several marine mammaJ spec ies and was apparent ly caused by al ga l toxie 
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bloom of Alexandrium tamarense. Water conditions (cold intermediate layer volume, 
freshwater runoff and sea surface temperature) negatively influenced stranding events in 
most species yet sorne exceptions were noticed. 1ce coyer indeed influenced pagophilic seal 
species and mysticetes, but in the same direction (a negative association was found for both 
groups) . Krill abundance specifically influenced stranding events in harbour pOl'poises and 
minke whales. 
Overall , these results give support to our hypothesis which stipulated that the nature 
and direction of environmental parameters influencing marine mammal stranding events 
vary among species. Our first prediction was COnfil111ed. Jndeed, the relationship between 
water conditions and stranding events match the prediction for CIL, FW and SST 
predictors . Our second prediction was partly confirmed . Stranding events in pagophilic seal 
were indeed negatively influenced by ice coyer, but stranding events in mysticetes were 
al so negatively associated to that variable, which did not match our prediction . Our tbird 
prediction was also pal11y supported. Stranding events in mysticetes were indeed negatively 
influenced by krill abundance, but in the minke whale case solely. MOl'eover, we found a 
negative relationship between stranding events in harbour pOl'poises and krill abundance, 
which was somewhat unexpected . 
Although we highlight the importance of environmental predictors to explain inter-
al1l1Ual vari ation in marine mammals stranding events recorded in the St. Lawrence 
ecosystem, we still lack detailed infol111ation regarding the nature of the ecological 
mechanisms underlying such linkages. Hence, the assumption that our conclusions based 
on stranding reports may extend to individual mortality has to be considered with care. 
Based on our best knowledge of the system, we suggest that species distribution in the St. 
Lawrence ecosystem might also partly influence stranding events in marine mammals. 
lndeed, if population distribution was actually influenced by environmental parameters in 
some spec ies, variation in stranding events observed in such case might have ari sen from 
changes in individual abundance in the study area , which would likely influence the total 
number of mortality events (yet the mortality per capita could be the same or even lower in 
good years). To better understand whether environmental changes mostly impact individual 
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morta li ty or indiv idual di stribution (tota l mortality) in our study area, we would indeed 
need to conduct a multi-yea r investigati on of marine mammal abundance. 8ased on our 
cunent know ledge of the species bio logy, we can nonetheless suggest that stranding events 
may serve as an index of individual mortality in resident species (e.g., beluga whale for 
which di stributi on and abundance are stable over the years (Hammill et al. 2007); and in 
pagophili c seal s (individual morta lity is known to depend on ice conditions (Johns ton et al. 
2005, H amrnill and Stenson 2008» , but not in migratory species (e.g., mysti cetes which use 
the St. Lawren ce ecosystem as feeding ground likely vary in their di s tribution over the 
years acco rdin g to th e avail ability ofresources (Edds and MacFarl ane 1987; Forcada 2002, 
Robill ard et al. 2005)). Ove ra ll , our conclusions drawn on stranding events provide insights 
into po tenti a l env ironmenta l morta lity causes at least in sorne marine mammal species. For 
the o ther (migratory) spec ies, further analyses dealing with abundance data are still 
required. 
Stranded species and dis tribution 
The spec ies compos iti on of marine mammal stranding events in the S t. Lawrence 
ecosystem li ke ly refl ec ts the presence (and to some ex tent the di stribution) of species and 
particul arl y durin g summer time. Indeed, res ident spec ies (beluga whales and harbour 
sea ls), a lth ough th ey are less abundant than some seasonal visitors (hooded seal s, harp seals 
and g rey seals; Robillard et a l. 2005, Lesage et al. 2007), were substanti ally represented in 
s trand ing records as they occur a il year long in the stud y area. Minke whales and grey seals 
were the mos t comlll on migratin g species found stranded but apparentl y because they occur 
in re lative ly large nllmbers dllring summer (Lawson and Gosse lin 2009). The species 
com pos ition in s trand ing events observed durin g our study peri od (1 994-2008) is quite 
d ifferent From the one prev ioll s ly reported by 8 éland el al. (1 987; (992) for the same 
re g ion (1982- 1990). In both studi es , stranding events mostl y invo lved minke whales for 
mys tice tes, be luga wha les fo r odontocetes , and harbour sea ls and grey seals fo r pinnipeds, 
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yet their respective proportions slightly changed from 1982- 1990 to 1994- 2008 (from 15 
to Il %, 43- 50% to 37% and 21 - 39% to 12-12% for minke whales, beluga and harbour and 
grey seals, respectively; Beland et al. (1987; 1992)). Such differences could be attributable 
to the duration of the study (8 years in Béland et al. (1992) vs 15 years in our study), to 
identification accuracy (53 % of the specimens was not identified in Béland et al. (1992) 
compared to 36 % in the present study) and to study objectives (Béland et al. (1992) 
indicated a greater interest for beluga stranding reports). General tendencies in the two 
studies nonetheless greatly overlap and hence suggest sorne consistency in the composition 
of stranded species over time. 
The location of a stranded animal was strongly dependent on oceanographic features 
(e.g. marine currents, tide, etc .) that drift the carcass onto the shoreline. ln our study area, 
most stranding events were reported on the south shore of the Estuary. This phenomenon 
could be associated to the Gaspé CUITent that creates a main residual downstream cunent 
which would make carcasses drift to the south shore of the Estuary. ln addition, the north 
shore of the Estuary is represented by high and abrupt rocky landscape which would 
decrease odds that carcasses get stranded and detected compared with beaches from the 
south shore. Moreover, additional methodologically-linked biases such as heterogeneity in 
human population density (south shore being more inhabited) might influence the number 
of stranding reports and would then impact stranding distribution (Béland et al. 1987; 
1992). Despite such limitation, stranding occurrence has nonetheless been documented to 
accurately reflect species relative abundance at regional scale (Nonnan et al. 2004). 
Consequently, we acknowledge that marine mammal stranding events observed m our 
study area do es not necessarily fit its real distribution nor its abundance, but they 
nonetheless confirm the presence of the species in the study area. 
On the other hand , distribution of stranding events may be c10sely related to actual 
local distribution in harbour seals and grey seals (most common seal speci es found 
stranded) as these species occur in close association with the shoreline during summer ( they 
use isolated rocks, exposed reefs or sand banks to rest; (Robillard et al. 2005). According to 
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the di stribution of these haul-out sites, harbour seals and grey seals were more susceptible 
to strand along the south shore of the Lower Estuary (Robillard el al. 2005) . 
Seasonal variation in stranding evenls 
The seasonal variation observed in stranding events appeared to reflect weil the 
seasonality in species distribution, which is influenced by the temperate nature of the St. 
Lawence ecosystem and the availability ofresources (Sergeant el al. 1970, Lavigueur el al. 
1993, Robillard et al. 2005). During summer, the upwelling at the head of the Laurentian 
channel mi x nutrient-ricb co ld water which enables phytopl ankton blooms (ThelTiault and 
Levasseur 1985) that support zooplankton (Simard 1996), fi shes and marine mammal 
communiti es (Simard 1996; 2008) . Most spec ies of marine mammals mi gra te into the Gulf 
and the Estuary in summer and meso-sca le features (i. e. eddies and fronts) of the St. 
Lawrence have been correlated with the di stribution of whales ex ploiting patch y prey 
species that they require in dense concentrations (Doni o l- Valcroze el al. 2007, Simard 
2008). Hence, the di stribution of marine mammals refl ec ts those oceanographi e areas 
where productivity is hi gh (Simmonds and Isaac 2007) which, in turn , influence the number 
of individuals present in the St. Lawrence ecosystem during summer. During the fall , some 
species (e.g. , mysticetes) migrate to other areas to breed (Sears el al. 2000, Lesage et al. 
2007) so that no stranding events are further reported after species departure . During win ter 
and earl y spring, ice covers major part of the St. Lawrence ecosystem and considerabl y 
constrain marine mammal distribution , decreasing the like lihood to find migratory species 
in the stranding records (Béland et al. 1987). 
Environmental changes 
Occurrence of marine mammal stranding events has grea tl y varied among species 
from 1994 to 2008, where the overall tendency was toward a signifi cant increase over time. 
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This result likely refl ect a real pattern in stranding events as sampling effort was quite 
consistent over time. Indeed, stranding records of beluga whales, the most chari stmatic and 
most reported species, has not significantly changed over time since 1982, a tendency 
consistent with populati on traj ectory which is thought to have remained stable over at least 
the pas t 22 years (Hammill et al. 2007) . Hence, the lows in the total stranding events 
observed at the beginning of the time series, and the highs observed at the end of it, weïe 
likely due to real changes in speci es mortality and/or distribution. If tox ic algal bloom was 
clearl y identifi ed as the direct cause of sporadi c highs in individual mortality for 2008 
(whi ch partly drives the increasing trend over time), the nature of environmental parameters 
which generated inter-annual vari ati on in stranding events from 1994 to 2007 was less 
intuitive as these pattem s were vari able and species-specifi c. 
Waler conditions 
Environmental parameters representing water conditi ons (co ld intermed iate layer 
vo lume CIL , freshwater runoff FWR and sea surface temperature SST) cons istently (same 
d irecti on) ex pla in stranding events vari ation among species yet some exceptions we re 
noticed. lnter-annual changes in the CIL vo lume, FWR and th e SST were negati ve ly 
associated with stranding vari ati ons. This was like ly due to an indirect influence of CIL 
vo lume, FWR and SST on individual mortality (by affec ting body condition) throug h a 
direct impact on resource availability. T hese vari ables have been identifie d as ones of the 
most important factors driving phytoplankton producti on in th e St. Lawrence Estuary as 
they direc tl y contributes to water stratifi cati on and upwe lling (Therriault and Levasseur 
1985, Souri sseau el al. 2006)(Saucier et a l. 2003) whi ch act on prey aggregati on and 
assemblage (Moore e / al. 2000, Huntington 2000). As th e abundance and qua lity of 
resources influence body condition in marine mammals, lower resource ava il ab ility (e.g., 
low CIL and FWR va lues) might ac tuall y dec rease res ili ence of ind ividuals to infect ious 
d iseases or paras iti sm (S immonds and Maye r 1997 , Measures 2008). Thi s hypo th es is might 
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particularly suits resident species (i. e., beluga wh ales and harbour seals) as they strictly 
depend on the resources produced within the St. Lawrence ecosystem for their entire life 
cycle. 
However, prolonged or strengthened stratification can have negative impacts on 
productivity when the therrnocline turns into a real barrier limiting upward movement of 
nutrient-rich waters . For example, in some areas of the world, increase in stratifi cati on 
slowed down coastal upwelling and nutrient availability which significantly decreased 
zooplankton biomass (Bindoff et al. 2007) . In the St. Lawrence ecosys tem, if the C IL 
volume, FW and SST overpass a certain stratification threshold , the producti v ity may 
decrease and this would likely attract less individuals and then decrease th e odds that 
stranding events occur. This would stand particularly true in migrating spec ies (i. e., grey 
seals, harbour porpoises, white-sided dolphins, minke whales and fin whal es) for which it is 
s till more complex to assess whether CIL volume, FWR and SST influenced individua l 
mortality and/or distribution as those species are known to greatl y vary in the ir abundan ce 
over the years. Hence, the negative relationships found between C IL volume, FWR and 
SST and stranding events in migrating seals (CIL) , odontocetes and mys ti cetes (but not for 
CIL) apparently result from a real impact on individual di stribution where lower 
avail ability of resource led to lower OCClmence of individua ls. ln the particul ar case of 
mys ti cetes, CIL temperature (strongly conelated to CIL volume in our study) has been 
previously documented to negatively influence blue and fin whale habitat se lecti on 
(di stribution), particularly in fe eding areas in the Gulf of St. Lawrence (Doni o l-Va lcroze 
2008). According to this , we should have detected a negative re lationship between C IL 
volume (as it is co-linear with CIL temperature) and stranding events as hi gher C IL va lues 
would attract more individuals in the study are a which , in turn , would increase th e odds th at 
stranding events occur. Nevertheless, CIL volume predictor was not seleeted. However, the 
understanding of environmental influences on organi sm di stributi on is mueh more compl ex 
and involves several ecological mechanisms such as conspec ifi e and inter-spec ifi e 
interac tions in the area (Donio l-VaJcroze et al. 2007). Hence, the descripti on of th e 
influence of water conditions on migrating speeies require a multidi seiplinary approaeh 
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invo lving various aspects of the biology of species including ecological interactions into 
the marine community at different scales. 
Ice condition 
Our analyses confirm that ice coyer was an important predictor of stranding events 
in pagophilic sea ls (hooded and harp sea ls) in the St. Lawrence ecosystem. Individual and 
mass strand ing events in hooded sea ls and harp sea ls, respectively, were negatively 
influenced by ice coyer vo lume. This res ult totally matches our prediction and was most 
li ke ly exp lained by the direct impact of ice coyer conditions on individua l mortality 
(particu lar ly juveniles). A t the opposite of the oth er migrating species studied, pagophilic 
sea ls perfo rm their mi gration in the St. Lawrence ecosystem durin g the fall and winter time 
to comp lete their reproductive cycle and remain in the area until the spring. For hooded 
sea ls and harp sea ls, ice pack represents a crucial hab itat used by females to whelp and to 
nurse their pups (Bowen el al. 1985). If the ice coyer is absent or too unstabJ e durin g that 
criti ca l time, pups may fall into the water where they may di e from drowning or 
hypothennia (Johnston el al. 2005 , HammiIJ and Stenson 2008). For example, poor ice 
conditi ons in the Gulf of St. Lawrence has led to important mortality in young harp seals in 
the Northwest Atlant ic pop ul ati on (Sergeant 199 1, HammiIJ and Stenson 2008). ln 2006, 
ab nonna ll y low ice coyer volume (the lowest observed since J 969; (Galbraith et al. 2008) 
in the Estua ry and the Gulf of the St. Lawrence led to a peak in individual stranding events 
in juvenil e (b lue back) hooded sea ls. S ince then , the occurrence of massive stranding events 
in j uvenil e harp seal s has noticeabl y increased in the study area following warmer water 
temperatures . 
Otherw ise, ou r res ults showed that ice coyer volume was also negati ve ly corre lated 
to stranding events in mysticetes, which does not fit our prediction . Hence, instead of 
d irectl y influencing individual mortality (e.g., entrapment inciden t; Sears et a l. 2000), ice 
53 
coyer would affect individual di stribution . lndeed, by constraining the rnovernent of large 
w hales into the Gulf and, to sorne extent, the Estuary during winter and spring, Ice 
cond itions rnay act as a barrier which reduces access to habitat and then influence the 
distribution of animaIs (Bowen and Siniff 1999). Hence, in years of extensive ice coyer, 
access of rn ys ti cetes to the St. Lawrence ecosystern would be lirnited, thus decreasing the 
odds of strandings in our s tudy area . Extensive ice coyer rnay also shorten the feeding 
season for large cetaceans and therefore reduce body conditions of individuals which, in 
tum, could cause hi gher morta lity leve ls (Le Boeuf et al. 2000, Perryrnan et al. 2002). 
Resource avai/abi/i/y 
lnter-annual vari at ion in krill abundance influenced (negatively) stranding events of 
minke wha les and harbour porpo ises. This result partI y fit our predi c ti ons as harbour 
porpo ises are a pi sc ivorous spec ies. Direc ti on of the re lationship suggest an indirect impact 
of kri ll ava il ab ili ty on indiv idll a l mOl1ality (fewer stranding events were observed dllring 
year with grea t abundance of kri ll), ye t tbi s relationship was drawn w ith migrating species 
which g reatly flu ctua te in numbers among years. Hence, even if reduced krill abundance 
might decrease body conditi on and weaken individua ls for their migration, we cannot omit 
the potential influence of krill ab undance on spec ies di stribution (Simard 2008). lndeed, 
kri ll is know n to be unevenl y di s tributed in th e St. Lawrence ecosys tem (Plourde et al. 
2002) and its patchy aggregat ion might influence habitat selecti on in mysticete species 
wh ich wi ll feed into predictable areas (D on io l-Valcroze et al. , 2007) . Nevertheless, if krill 
abundance wou Id have exc lus ive ly influenced di s tribution of spec ies, a positive 
re lat ionship wo u Id have been detected between that predi ctor and s tranding events (i. e., 
hi gher abundance of krill wo uld a ttrac t grea ter number of individua ls which increase total 
morta li ty in th e s tud y area). 
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While euphausiids are important preys for minke whales, relationship between krill 
abundance and harbour porpoise strandings was likely more indirect. As krill represent a 
key prey for several species in the St. Lawrence food web (marine fish , birds; (Bamstedt 
1988, Descroix et al. 2005), inter-annual trend in its abundance may accordingly affect 
species of higher trophic level. For example, distribution of Atlantic herring, one of the 
most important prey for harbour porpoises (Fontaine et al. 1994), is close ly associated to 
zooplankton aggregation in the Bay of Fundy (Jonhston et al. 2005). Thus, in the specifie 
case of harbour pOl·poises, zooplankton abundance may reflect the overal1 availability of 
resource among years in the St. Lawrence ecosystem. Indeed, the overall tendency to 
decline in the abundance of krill biomass since 1994, as reported by Harvey and Devine 
(2008), was closely assoc iated to the stately shift in harbour porpoi se stranding events 
during the same period. 
The effects of climate change on higher trophic levels can be particularly difficult to 
investigate because they involve relationships affected by time and space scales (Simmonds 
and Isaac 2007) . Stranding networks and long-term data are crucial in detection and 
response to unusua l mortality events (Wilkinson and Worthy 1991 , Malakoff 2001). 
Overall , this empirical study highlights the importance of environmental changes on marine 
mammals stranding events in the St. Lawrence ecosystem. It also reveals th e importance of 
long-term stranding records as a real biological indicator that provides ins ights on potential 
mortality causes in marine mammal populations. For example, mortalities of young 
pagophilic phocids related to recent light ice conditions in the Gulf during the weaning 
period. This study also points out an unusual mortality event of many species caused by a 
A. /amarense bloom at the mouth of the Saguenay River (one of the most important feeding 
grounds for marine mammals in the St. Lawrence ecosystem) in 2008. We need further 
research using environmental data to examined, more preci se ly, relative impacts of recent 
env ironmental changes on marine mammal mortality in the St. Lawrence. 
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INFLUENCE DES ACTI VITÉS ANTHROPIQUES S UR LES ÉCHO UA GES DE 
MAMMIFÈRES MARINS DANS L'ESTUA IRE ET LE NORD-OUEST D U GOLFE 
D U SAIN T-LAURENT, INCL UANT LE PARC MA RIN SA GUENA Y- SAINT-
LAURENT 
2.1 RÉSUMÉ EN FRANÇAIS DU DEUXIÈME ARTI CLE 
L ' analyse des données d 'échouage de mammifères manns peut nous fo urnir des 
informations sur l 'écologie des popu lations. Dans les aires côti ères abondamment 
fréquentées, les mammifères marins font face à plusieurs menaces d ' ori g ine anthropique. 
Afi n de mieux comprendre la nature des acti vités anthropiques causant la morta li té des 
ma mmifères marins, nous avons ana lysé systématiquement les événements d'échouage 
dans l 'estuaire et le nord -oues t du go lfe du Saint-Laurent, de 1994 à 2008, pou r des 
év idences de signes anthropiques. Au cours de ce tte péri ode, les ac ti v ités anthropiques ont 
été assoc iées à 9% de la mortalité des mamm ifères marins : 28% pour les grands cé tacés , 
8% pour les petits cétacés et 6% pour les pimlipèdes. Contrairement aux cétacés, la 
mortalité résultant d ' interac tions anthropiques avec les phoques était fa ibl e e t consistait 
maj oritairem ent en des événements d ' anne à feu avec les phoques gri s e t communs (26%, 
N=8 pour les deux). Globalement, les signes d ' acti vités anthropiques sur les mammi fè res 
marins ont été rapportés majoritairement en é té, ce qui résulterait de la sa isonnalité des 
act iv ités humaines (c.-à-d. ac ti vités récréati ves, trafi c maritime, la majorité des pêcheri es, 
etc.) et de la présence des espèces dans l'a ire d 'étude. Les signes d 'ac ti v ités anthropiques 
sur les mammifères marins ont augmenté signifi cati vement au cours des années . Cette 
tendance a été causée par une augm enta ti on des pri ses accidentell es et des autres act ivités 
anthropiques pour les mys ti cètes (petit rorqual 42%, N=39 et rorqu al à bosse 13%, N= 12) 
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et le marsouin commun, respectivement. Les cas de prises accidentelles de pe tits rorquals 
excédaient certaine ann ées le prélèvement potentie l biologique (PBP) du « stock » de 
l'estuaire et du go lfe du Saint-Laurent. Nous suggérons quelques hypothèses pour expliquer 
la récente augmentati on des pri ses accidentelles de petits rorquals et de rorquals à bosse: i) 
une augmentation de l 'effort d 'échantillonnage, ii) des changements dans les pratiques de 
pêche et iii ) un changement de la di stribution de ces deux espèces dans l 'estuaire, lié 
poss iblement à des changements de la structures et de la dyn amique de l' écosystème du 
Saint-Laurent (c.-à -d. l' effondrement des po issons de fonds , l'expans ion de la distribution 
du capelan et le déc lin de l' abondance de la biomasse d ' euphausidés). Les événements 
d 'échouage du marsouin commun avec des signes de d 'autres activités anthropiques (67%, 
N= 16) cons istaient maj oritairement en des morceau x de carcasses trouvés annuellement 
dans le parc marin Saguenay- Saint-Laurent , suggérant une chasse ill égale. Cette é tude 
souli gne les impacts des act iv ités anthropiques sur quelques espèces protégées dans 
l 'estuaire et le parc mar in . Les rés ultats confirment aussi l' utili sa tion des données 
d' échouage pour effectuer un suivi de la mortalit é des mammifères marin s causée par 
l ' homme et, pour quantifi er l' efficac ité des mes ures de conservation dans une aire l11 aline 
protégée. 
Ce deuxième arti c le, intitulé « influence ol anlhropogenic activities on marine 
mamma/ strandings in the Es/uGJ)' and nor/hweslern Gulf of SI. Lawrence, including the 
Saguenay SI. Lawrence Marine Park », fut co-rédi gé par moi-même ainsi que par la 
chercheure Lena Measures et notre co ll aborateur Jean-C laude Brêthes. En tant que premier 
auteur, ma contributi on à ce trava il fut la récolte des données sur le terrain en 2008, la 
c lass ifi cation et la va lidati on de la base de données, les analyses stati s tiques et la rédaction 
du mémoire. Lena Measures, la seconde auteure, a ag it comme direc trice de recherche en 
guidant l'étud iante lors de la rédaction et la réco lte de données. Jean-C laude Brêthes, le 
d 'échouage à long-terme ont été fournit par l' In stitut Maurice-Lamontagne (1994- 2002) et 
par le Réseau québéco is d ' urge nce pour les mammifères m arin s (2003 - 2008) . L 'effort de 
te rrain a été réal isé par plusieurs interve nants œuvrant au sein du Réseau québéco is 
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d 'urgence pour les mammifères marins (RQUMM), Station de recherche des Îles Mingan, 
Réseau d 'observation des mammifères marins, Centre québécois pour la santé des animaux 
sauvages (CQSAS), Institut national d 'écotoxicologie du Saint-Laurent (INESL), 
Fondation Québec-Labrador, Amphibia Nature, Centre d 'éducation et de recherche de Sept-
Îles (CERSl), Exploramer et Zoo sauvage de Saint-Félicien). Une version abrégée des 
résultats de cet article a été présentée lors d 'une conférence à la faculté de médecine 
vétérinaire de Saint-Hyacinthe en novembre 2009. 
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2.2 INFLUENCE OF ANTHROPOGENIC ACTJVJTIES ON MARiNE MAMMAL 
STRANDINGS IN THE ESTUARY AND NORTHWESTERN GULF OF ST. 
LA WREN CE, INCLUDING THE SAGUENAY-ST. LAWRENCE MARINE 
PARK 
Marie-Hélène Truchon, 1,2 Lena Measures 1 and Jean-Claude Brêthes 2 
1 Institut Maurice-Lamontagne, Pêches et Océans Canada , 850 route de la Mer, Mont-Jo li , 
Qc, G5 H 3Z4, Canada 
2 Inst itut des sciences de la mer, Université du Québec à Rimouski , 3 10 a ll ée des Ursulines , 
Rimouski, Qc, G5L 3A l , Canada . 
Abstract 
Examination ofmarine mammal stranding data can provide insights into the eco logy 
of populations. ln widely frequented coastal areas, marine mammals face numerous 
anthropogenic-derived threats . To better understand the nature of anthropogeni c activities 
underl ying marine mammal mortality, we systematica ll y investi ga ted s tranding events 
recorded in the Estuary and the northwestern Gulf of St. Lawrence from 1994 to 2008 for 
ev idence of anthropogenic signs. During thi s period, anthropogenic ac ti v iti es were 
associated to 9 % of marine mammal mortalities: 28 % for large cetaceans, 8% for sma ll 
cetaceans and 6% for pinnipeds. ln contrast to cetaceans, mortality as a result of 
anth ropogenic incidences in sea ls was low and consisted mostl y of gunshot events 
in vo lvi ng grey and harbour sea ls (26%, N=8 for both).Overall , anthropogeni c incidences on 
marine mammals were most ly reported during summer which resulted from seasonality in 
human act iviti es (e.g. recreational ac tivities, intense maritime traffi c, mos t fi sheri es, etc.) 
and presence of species in the study area. Anthropogenic incidences on marin e mammals 
significantl y increased over the years. This tendency was driven by an increase of 
entanglement reports and other anthropogeni c ac ti v iti es for mysticetes (m inke 42%, N= 39 
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and humpback whales 13%, N= 12) and harbour porpOlses (67%, N=7), respectively. 
Entanglements in fishing gears exceeded some years the potential biological removal 
(PBR) of the minke whale stock of the Estuary and Gulf of St. Lawrence. We suggest sorne 
hypothesis that could explain the recent increase of fishery entanglements of minke and 
humpback whales : i) increase of stranding sampling effort, ii) changes in fishery practices 
and iii) shift in distribution of these two species into the Estuary possibly related to changes 
in the structure and dynamic of the St. Lawrence ecosystem (e.g. groundfish fishery 
co ll apse, expansion of capelin distribution and decline of abundance in euphausiid 
biomass). Harbour porpoise stranding events with other anthropogenic incidences (N= 16, 
67%) mostly consisted in finding pieces of carcasses on a yearly basis in the Saguenay- St. 
Lawrence Marine Park, suggesting illegal hunting. This study highlights anthropogenic 
acti vities impacting some protected species in the Estuary and the marine park. Results also 
confirm the usefulness of stranding data to monitor human-caused mortality in marine 
111 am 111 al populations and, effectiveness of conservation measures in a marine protected 
area. 
Key words: marine m ammal, mOliality, anthropogcnic activiti es, by-catch , gunshot, marine 
pro tcc tcd area. 
62 
Introduction 
Human interactions with marine mammals have occuITed for man y centuri es, but 
with human populati on growth, increasing industrialization of fi sheri es and maritime 
traffic, these interactions will likely increase in the future (De Master et al. 200 1). ln th 
last decade, demand for seafood products and changes in fi shery practices have led to 
fi shing ac ti viti es resulting in mortality of millions of marine mammals each year worldwide 
(Simmonds and Hutchinson 1996, Anderson 2001 b, Schipper et al. 2008) . Anthropogeni c 
incidences on marine mammals are not limited to incidental by-catch or entanglement in 
fi sh ing gear (S immonds and Hutchinson 1996) and inc\ude: ship co lli sion (A nderson 
200 1 b, Laist et al. 200 1), gunshot (Goldstein et al. 1999), anthropogeni c no ise (Nowacek et 
al. 2007) and loss and degradati on of habitat (Kemp 1996, Harwood 200 1). In many areas, 
our understanding of the effect of anthropogenic activities on marin e mammals is 
inadequate due to a lack of informati on on anthropogenic ac ti viti es (e.g. fishing and 
recreat iona l activ ities) and dynamics of marine mammal populat ions (e.g. distri bution and 
morta li ty) (Re ad 1996) . 
Marine mammal stranding data can prov ide long-term insights into popul ation 
dynamics and threa ts to the ir surviva l (Leeney et al. 2008). Recent studies, using evidence 
of human incidences to c1assify stranded carcasses and estimate levels of a nthropogeni c 
acti viti es, confi rm the usefulness of stranding data as an indicator of anthropogeni c 
in terac ti ons su ch as fishery by-catch (Go ldstein et al. 1999, Lopez el al. 2002, Kemper el 
al. 2005, Byrd et al. 2008) . However, stranding da ta are limited by the cond iti on of 
carcasses and operati onal logisti cs and effi ciencies in stranding networks. Multi -year 
datase ts can take years to become available fo r analysis and consequently d lay ac tions to 
prevent negative anthropogenic activ ities (Byrd el al. 2008) . Hence, to document human 
interac tions w ith mari ne mammals and coll ect baseline data, stranding events must be 
reco rded in a systematic and rigorous manner and , invo lve extensive cove rage of shore li nes 
(B yrd el al. 2008). 
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The St. Lawrence Estuary (SLE) and Gulf of St. Lawrence (GSL) are two important 
feeding areas for marine mammals in summer (Sourisseau et al. 2006, Simard 2008) . Sorne 
species such as the SLE be1uga (Delphinapterus leucas) and harbour sea1s (Phoca vitulina) 
are resident year-round. Other species are seasonal visitors, for example: summer in the 
case of grey sea1s (Halichoerus GlypUS) and winter for harp (Phoca groenlandica) and 
hooded (Cystophora cris tata) seals . A great diversity ofwhales a1so migrate to these areas 
in summer (Kingsley and Reeves 1998), which has led to a wel1-developed whale-watching 
industry (Michaud and Giard 1998, Lien 2001) . Whale-watching combined with 
considerable marine traffic (Blane and Jackson 1994, Lesage et al. 1999, Henry and 
Hammill 2001) and commercial fisheries may be a significant threat to resident and 
seasonal marine mammal populations. 
There are a few studies in the St. Lawrence ecosystem tbat report considerable 
numbers ofmarine mammal mortalities associated with anthropogenic interactions (Béland 
et al. 1987, Béland et al. 1992) especially by-catc11 of harbour pOl·poises (Phocoena 
phocoena) in groundfish gillnets (Fontaine el al. 1994a, Lesage et al. 2006). Little 
infonnation is available on the influence of other anthropogenic activities (i .e. ship 
collision and gunshot) on marine mammals in the Estuary. Some species may be especially 
at risk such as the threatened St. Lawrence Estuary beluga population (COSEWIC 2004) 
and the endangered blue whale (Balaenoptera musculus) in Canadian Atlantic waters 
(Sears and Calambokidis 2002). Anthropogenic activities may have important 
consequences on the demography of these populations (Clapham el al. 2002, Hammill et al. 
2007). 
The objective of this study was to examme stranding data for evidence of 
anthropogenic incidences on marine mammals, to study temporal variations thereof, and to 
identify whicb anthropogenic activities (i. e. fishery by-catch, ship collisions and gunshot) 




The study area includes the St. Lawrence Ri ver, the St. Lawrence Estuary (SLE) 
and the northwest part of the Gulf of St. Lawrence (NWGSL) (Northwest Atlantic Fisheri es 
Organi sati on (NAFO) Div isions 4S and 4T) (Figure 3.1). The Estuary and the northwestern 
Gul f of St. Lawrence have important oceanographie features (i. e. tidal interacti ons w ith 
bathymetry, wind-driven upwe lling and me an circul a ti on) that favour recurrent 
aggregati ons of prey and thus, are important feeding grounds for various marine mammal 
species in summer (S imard el al. 2002, Sourisseau el al. 2006, Simard 2008). Based on the 
criti cal status of the Estuary for th e conserva ti on of marine mammals (rev iew in Lesage et 
al. (2007)), ac tive conserva ti on measures were undertaken in 1998 with the crea ti on of the 
fi rst marine protected are a in eastern Canada, the Saguenay-St. Lawrence Marine Park . 
Thi s pro tected area is loca ted at the confluent of the Saguenay Fjord and the Estuary and 
covers over 1245 km~ of sea surface. Despite conserva ti on efforts, it nonetheless appears 
that the St. Lawrence remain an ecosys tem lat-ge ly used by human for commercial 
(maritime traffi c and fi sheri es) and ecotouri sm (whale-watching) activ iti es (B lane and 
Jackson 1994, Lesage el al. 1999, Henry and Hammill 2001 ). Indeed, a we ll -developed 
wba le-watching industry operates througbout the summer in the marine park (Michaud and 
G iard 1998 , Lien 2001 ). Moreover, few fi sheri es were authorized along the coasts of the 
Estuary and around the Magdalen Is lands in summer: mostl y gillnet fi shery for Greenland 
halibut and hening, fi shery fo r cape lin w ith trap and fi shery for crab and lobster with pot 
(MAPAQ 2008) . A Il these hUlllan ac ti viti es Ill ay be signifi cant threats to res ident and 
seasonallll arine Illamlll al popuiati ons. 
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Data used 111 the following anal yses compn se manne mammal stranding records 
collected over a 15-year period by Fisheri es and Oceans Canada at the Maurice 
Lamontagne lnstitute (MU) from 1994 to 2002 and by 3 marin e mamm3l emergency 
network, RQUMM (Réseau québécoi s d ' urgences po ur les mammifères marin s), from 2003 
to 2008. We system atically ana lyzed strandin g reco rds from these two databases, extracting 
information on anthropoge nic incidences on marine 111 3111mal stranding events including 
by-catch events (including events not necessa ril y leadin g to a s trandin g pe r se) w hich 
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occurred offshore in fixed gears (i. e. nets, traps and pots). Numbers of stranding events 
were used as the sampling unit for analysis and not the number of animaIs in each event, 
e ither s ingle or mass strandings (Geraci and Lounsbury 2005b), to minimize bias and over-
estimation of events. Analysis of stranding data included only those cases where 
identification of marine mammals was based on verifiable criteria (pictures and/or a reliable 
observer). Ambiguous cases of species identification or equivocal reports of strandings 
were excluded from analyses . Carcasses for necropsy were selected based on their 
condition , size and accessibility and stranding network operational logistics and 
efficien cies . Necrops ies were performed by biologists (MU) or pathologists (the University 
of Montreal , Faculty of Veterinary Medicine at Saint-Hyacinthe). 
Anthropogeni c incidences were classified into five categories : by-catch , severe 
injury, ship co lli sion , gunsh ot and other. Cases with gross evidence of human incidence 
observed by network partners were examined and only those that could be classified in one 
of th e fi ve categori es were retained for analyses. These categories were based on specific 
defin i tions from th e 1 i terature : 1) entanglemen t: defined as the presence of unhealed, 
naITOW, linea r lacerati ons or indentations in the epidennis most commonly around the head , 
dorsa l fin , flukes and flippers (Read and Murray 2000), the presence of fi shing gear on 
animais and re lease interventions. ln this study, this category includes by-catch, that part of 
a fi shery capture that is di scarded at sea, dead (or injured such that death results) (Alverson 
el al. 1994, Hall 1996). 2) Severe injury: defined as injuries related to human activities but 
not di agnostic of entang lement in fishing gear. These incJude evidence of knife cuts , 
missing organs or appendages, and mutilations (Read and Murray 2000) . 3) Ship colli sion : 
defin ed as a powerful impact between any part of a vessel and a live marine mammal , 
resulting in ph ys ica l trauma (bone fractures with ante-mortem haemorrhages) (Laist et al. 
200 l , Waerebeek et al. 2007) . This category includes propeller strikes as evident by helical 
Cüts ût rcgül ar intcrva ls. 4) Güi1shot: defin ed as the pïesence of a bulle t in v ital Oïgans 
(Ii ver, heart, brain, etc) observed at gross necropsy or the presence of penetrating circular 
wounds consistent with a gunshot (Read and Murray 2000). 5) Other: defined as evidence 
of anthropogeni c inc idences that do not fit the other ab ove definitions or that had 
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confounding evidence of anthropogenic incidence. Carcasses too decomposed or with 
severe scavenger damage precluding an adequate evaluation of the anthropogenic ac tivity 
invo lved were excluded. 
S/a/is/ieal analyses 
Anthropogenic incidences were identified for each marine mammal group and each 
species. We examined both lethal and live incidences. Pie ch arts were used to illustrate the 
percentage of each letha l anthropogenic incidence on marine mammals . Linear and 
polynomial regressions were used to fit inter-annual variations in anthropogen ic incidences. 
Logarithm transformations were applied to data that were not normally distributed and 
when the homogeneity of variance was not respected (Zar 1999). In a Il analyses, a P va lue 
< 0.05 was cons idered statisticall y significant. We assumed that data were independent and 
sta ti stical tests were done lIsing R v2.4 computer software (R Deve lopment Core 2009). 
Results 
From a total number of 1590 even ts (1994 to 2008), 192 involve anthropogen ic 
activities, 92 ev idences of fishery entanglement (48%), 36 ev idences of ship colli sion 
(19%), 3 1 ev idences of gunshot (16%), 24 other anthropogenic interactions ( 13%) and nine 
severe injury events (5 %) (Table 3.1) . These records include six species of large cetaceans, 
three spec ies of sma ll cetaceans and four spec ies of seals . Of ail marine mammal species , 
the minke wha le (Balaenop/era aeu/orostra/a) appears to have the greatest number of 
anthropogen ic inc idences (24.5 %) (Table 3. 1), mos tl y fi shery entanglement (86 .6%), of 
which J J events in vo lved fishing traps and 12 events involved other lInidentifi ed fishin g 
nets. From the large cetacean group , minke whales ex perienced the majority of incidences 
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followed by harbour porpoises in the small cetacean group. Harbour seals and grey seals 
have more reported incidences than other seal species involving mostly gunshot events. 
Differences between cetace an species are observed in the number of events within 
anthropogenic categories (Table 3.1). Entanglement was the most common incidence on 
large cetaceans, except for fin whales (Bafaenopiera physalus) that appear to be invoiveà 
mostly in ship collisions. Small cetaceans were represented mostly by harbour porpoise and 
beluga. While the SLE beluga has a diversity of health issues, in this study, ship collision 
was the most common human incidence recorded, in contrast to harbour pOl-poise which 
was commonly affected by other anthropogenic interactions in the Saguenay- St. Lawrence 
Marine park . 
ln Quebec waters, about 9.1 % of anthropogenic incidences were lethal for marine 
mammals, 5.8 % for seals and 13 .8 % for cetaceans (Figures 3.2-3.4). For the latter group, 
lethal anthropogenic incidences were reported more often for large (28%) than small 
cetaceans (8 %). Large cetacean mortality is associated mainly with entanglement (19.5%). 
in fïshing gears while small cetacean mortality is associated mainly by other incidence (3.7 
%) (F igures 3.4.c-d) . Moreover, ship collision with large whales (8.2%) and sma ll whales 
(2.8%) is the second most frequent lethal anthropogenic incidences recorded in the cetacean 
group. Although there is no ev idence of gunshot for large cetaceans and on ly few (0.2%) 
for the small ce taceans, it nonetheless appears that gunshot events are more frequently 
assoc iated with sea l mortalities than other categories (Figure 3.3). 
Table 3.1 Anthropogenic incidences by category associated with li ve and dead marine mammal stranding events by species 
from 1994 to 2008 in Quebec, Canada. 
Species Categories of anthropogenic incidences Total events 
Entanglemcnt Gunshol Ship collision Severe in jury other 
NI %" NI '%" NI %" NI %" NI %2 NI %2 
La r ge cetacea n 
Balal!l1oji/l!ra ClCI//oros/ra/a 39 42.4 8 22.2 47 24.5 
BalCll!l1oji/I!/"O jihysal/ls 3 3.3 8 22 .2 Il 5.7 
Bal(/l!l1o!J/l!r(I l71/1sc/lI/lS 2 2.2 2 1.0 
!Vlegaji/era novaeang/iae 12 13.0 4.2 13 6 .8 
E/lhalaena glacialis 3 3.3 3 1.6 
Physe/er l71acrocephal/ls 2.8 1 0 .5 
sub/o/al 59 64.1 17 47 .2 4 .2 77 40 .1 
Small ce tacea n 
Phocoena phocoena 5 5.4 3.2 5 13 .9 11.1 16 66.7 28 14.6 
Delphinop/el1ls le/lcas 3 3.3 8 22 .2 I l 5.7 
LagenorhYl1chus aCl//US 1 1 1.1 1 0 .5 
s /lb/olal 8 8.7 3.2 13 36. 1 2 22.2 16 66.7 40 20.8 
Unidentified cetacean 11 12.0 3 8.3 14 7.3 
sub/o/al ce/aceans 78 84 .8 3.2 33 91.7 2 5.6 17 70.8 131 68.2 
Sea ts 
Phoca vi/ulina 6 6 .5 8 25 .8 2 22.2 4.2 17 8.9 
Ha/ichoerus glypUS 3 3.3 8 25.8 2.8 12 6.3 
Phoca groenlandica 5 16. 1 2.8 2 22.2 4 .2 9 4 .7 
Cystophora cris/a/a 1.1 1 3.2 2.8 1 1 1. 1 1 4.2 5 2.6 
Unidentified seal 4 4.3 8 25.8 2 22 .2 4 16 .7 18 9.4 
suh/o/al seals 14 15.2 30 96 .8 3 8.3 7 77.8 7 29 .2 61 31.8 
Tota l 92 47.9 31 16. 1 36 18.8 9 4.7 24 12.5 192 100 
a) 
- Antlu opogenic Lllteractions (N= J 44) 
= Other causes of cleath (N= 1446) 
Entanglement (N=54) 
~_ GUHshot (N=3 J) 
Ship collision (N=29) 
- Severe inJlU Y (N =8) 
Other (N=22) 
Figure 3.2 a) Proportion and b) causes of letha l anthropogen ic incidences on marine 
mammals in Quebec (1994 to 2008). 
a) 
94.2% 
- j-\ntlm ' pogenic interactiolL'; fN=55) 
= OUle! c~lll.;;es ofcleath (N=891 ) 
Entanglernent (N= 12) 
GUllshot (N=30) 
Ship collision iN=4) 
Severe injmy iN=o) 
Other (N=3) 
Figure 3.3 a) Proportion and b) causes of letha l anthropogenic incidences on seals in 
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~ ...... GWl .. hot (N= 1 ) 
Shi]) co llisio n rN =25) 
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*_ Other (N= 19) 
Figure 3.4 a) Proportion and causes oflethal incidences on b) ail cetaceans, c) small 
cetaceans and d) iarge cetaceans in Quebec (1994 to 2ÛÛ8). 
73 
Temporal variations 
Evidence of anthropogenic incidences observed on dead and live marine mammals 
increase during summer (Figure 3.5) and over the study period (1994- 2008) (R2adj' = 0.48, 
F2. 12 = 7.54, P = 0.008), while the number of incidences has remained relatively constant 
over recent years (Figure 3.6 .a) . This annual tendency is positively correlated with 
entanglement events (R2adj = 0.47, F2. 12 = 7.22, P = 0.009) and other anthropogenic 
incidences (R2adj = 0.45, FI.I 3 = 12.44, P = 0.004), which increased during the time period 
(Figure 3.6.b). Entanglement events involved mostly minke (R2adi = 0.80, FI.I 3 = 51.49, P < 
0.001) and humpback whales (Megaptera novaeangliae) (R 2 adj = 0.22 , F 1.13 = 5.0, P = 0.04) 
(Fig. 3.7 a-b), and other anthropogenic incidences involved mostly harbour pOl-poises (R2adj 
= 0.87; F I14 = 97.97; P < 0.001) (Figure 3.7.c). Although severe in jury, ship collision and 
gunshot remained significantly constant over time, we observed since 2002 a decreasing 
number of stranding events reported with evidence of gunshot, mostly of seals (Figure 
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Figure 3.5 Seasonna1 variability in anthropogenic incidences on live and dead marine 
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Finally, if we consider only lethal anthropogenic incidences (i.e. exc luding release of 
entangled animaIs), we observe no significant temporal tendency in any anthropogenic 
category. However, the number of these events seemed to decrease over recent years, 
except for a peak in 2005 , and are significantly conelated (R2adj = 0.74, F 1, 14 = 39.97, P < 
0.001) with that of lethal entanglement events, mostly of minke wha les (Figure 3.8). 
Despite the general increase of entanglement events from 1994 to 2008 , these events 
involving onJy dead animaIs seemed to decrease s ince 2003. ln 2003, the marine mammal 
emergency network, RQUMM , had set up a pro gram with fishermen and other 
organ izations to di sentang le marine mammals from fishing gear. Since then, nine large 
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Figure 3.8 Jnter-annual variability in lethal anthropogenic inc idences on marine maml11 a ls 
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Discussion 
From a conservation perspective, this study provides infonnation on the influence of 
anthropogenic activities on marine mammals in an area heavily used by humans, including 
the Saguenay- St. Lawrence marine park. Examination of anthropogenic incidences on 
marine mammal s in the St. Lawrence Estuary is essential in the management and 
conservation of marine mammals, particularly for protected and resident species such as the 
St. Lawrence Estuary beluga and the harbour seal. Using a stranding data base spanning 
over 15 years (1994- 2008), we found that anthropogenic activities were associated to 9 % 
of marine mammal mortality: 28 % for large cetaceans, 8% for small cetaceans and 6% for 
pinnipeds. In contrast with cetaceans, anthropogenic incidences on mortality of pinnipeds 
were low and consisted mostly in gunshot of grey and harbour seals. Overall , 
anthropogenic incidences on marine mammal strandings increased over the years and were 
recorded mostly during summer. This trend over time was driven by an increase in recent 
years of reports of fi shery entanglements and other anthropogenic incidences of mysticetes 
(e.g. minke and .humpback whales) and harbour porpoise in the Estuary and the marine 
park , respec tively. Moreover, we estimated that fishery entanglement of minke whale had 
exceeded some years the potential biological removal of the St. Lawrence "stock". Hence, 
results hi ghli ght two vulnerable species to human activities in the Estuary, the minke whale 
and the harbour porpoise. Thi s study also points out preoccupant levels of human-induced 
mortality in the national marine park. 
As expected, human incidences on marine mammals occur mostly in summer and 
earl y fa ll in Quebec. Thi s is likely due to the seasonality of human activities such as 
recreati onal activities, marine traffic and fisheries which are more intensive in summer than 
other seasons (Béland et al. 1987). Thi s seasonality has been observed as weil in other 
temperate regions, such as California (Goldstein el al. 1999) and North Carolina (Byrd et 
01. 2008). Stranding events are al so more likely to be reported in summer when observers 
are present and more acti ve ( i. e. walking on the beach, boating or involved in other 
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recreational act ivities) and thus find and report stranded carcasses (Béland et al. 1987). 
This seasonality is also a function of seasona l migration and movements of marine 
mammals (Sergeant 1979, Lopez el al. 2002, Byrd el al. 2008, Bogomolni et al. 2010) 
which, for the majority of species, bring them to the GSL and SLE during summer to early 
faH to forage (Edds and MacFarlane J 987, Lesage el al. 2007, Simard 2008) (Lavigueur et 
al. 1993, Kings ley and Reeves 1998). Considerin g that the probability of anthropogenic 
interactions with marine mammals increases with the density of marine mammals, 
anthropogenic incidences on marine mammals were mostl y likely to occur during summer. 
Nonetheless, anthropogenic incidences remained high in September when fishing (Lesage 
et al. 2006) and recreational activities (Henry and Hammill 2001) declined. Lesage et al. 
(2006) sugges t that the late September peak of harbour porpoise by-catch could be 
associated with movements of anim ais inshore in response to an increased abundance of 
prey. 
Overall , we estimated that 9 % of marine mammal carcasses examined had ev idence 
of anthropogenic incidence, mostl y ev idence of entanglements (48%). This is considerab ly 
smaller than the 50% reported by Béland el al. ( 1992) for marine mammal mortaliti es other 
than beluga that could be attributabl e to human ac ti v iti es from 1988- 1990 in Quebec 
waters. However, if we consider onl y ce taceans, a relatively high percentage of 
anthropogenic incidences involved large wha les particularl y minke whales (36 % of 
mortalities showed ev idence of anthropogen ic inc idences). This result is cons is tent w ith 
Béland el al. (1992) who reported ev idence of human-related wounds in 34 % of the large 
w hale s trandings in the Estuary. A vari ety of biol ogica l factors can influence entanglem ent 
of marine mammals such as speci es di str ibution , behav ioural traits (curiosity, exploration, 
soc ia l patterns and feeding activities) (Fertl and Leatherwood J 997, Mori zur el al. J 999), 
sensory capac iti es and attenti on (Perrin el al. J 994). Feeding ac ti vities of marine mammals 
make them espec iall y vulnerabl e to entanglement and may be an important component in 
many incidental captures (Lien 1994, Fert l and Lea th erwood 1997) . The patchiness of 
resources in th e marin e environment and hi gh feeding requirements and hi gh energetic 
costs of feedin g strategies mostl y of large mysticetes (Piatt and Methven 1990, Heithaus 
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and Dili 2002, Doniol-Valcroze et al. 2007) make fishing gears particularly attractive for 
feeding activities. Although large whales seem to be more vulnerable to human activities 
than other marine mammals (i.e. small cetaceans and seals), it nonetheless appears that 
seals might be under-represented in stranding data. ln the study area, seals are considered as 
a nuisance and, as a result, carcasses could be less reported by fisheml en. Moreover, the 
charismatic status and impress ive size of large whales make strandings more likely to be 
reported than other spec ies such as seals. 
ln spite of this general trend in anthropogenic incidences on marine mammals, we 
observed differences within ail anthropogenic categories between seals, small cetaceans 
and large cetaceans and between species . 
Anthropogenic incidences on seals 
Anthropogen ic interactions with seals consisted primarily in gunshot (97%) and 
invo lved two species, grey and harbour sea ls. These results were consistent with other 
stud ies, which repo rted that gunshot was the most common anthropogenic cause of 
mortality among pinnipeds (Stroud and Roffe 1979, Béland et al. 1987, Béland et al. 1992, 
Go ldstein et al. 1999). Gunshot events occurred during summer, a period when the Estuary 
is closed to hunting and therefore does not account for the higher occun-ence of gunshot 
events during thi s time (Lesage and Hammill 2001). Moreover, the harbour seal is a species 
protected from hunting in eastem Canada (COSEPAC 2007), while grey sea l is protected in 
the Estuary during summer. ln the study area, fishermen have a negative attitude towards 
sea ls as they cause considerabl e damage to fi shing gears (Fontaine el al. 1994a) while 
removing target spec ies from them, causing substantial financial loss (Beddington et al. 
1985, Lesage el al. 200 1). ln addition, the we ll-recognized conflict between seals and 
fishemlen for marine resources given the numerous grey and harbour sea ls in the Estuary 
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during summer (Lavigueur et al. 1993) and an increasing Northwest Atlanti c grey seal 
population since 1970 (Hammill 2005) have led to a high susceptibility of seal s to interact 
with human activities in summer and thus, being shot during fi shery acti viti es in the 
Estuary and the Gulf of St. Lawrence. As the size of the resident population of harbour 
seals is unknown (CO SEP AC 2007), this source of mortality may be of concem in the 
Estuary and possibly elsewhere in eastem Canada. Harbour seal s are particularly sensitive 
to human disturbance due to their coastal nature (Henry and Hammill 2001 ) and 
di stribution in areas used by humans (Robi ll ard et al. 2005, COSEPAC 2007) . 
Anthropogenic interactions with sma// cetaceans 
For small cetaceans, the species most likely to be reported with human incidences 
was the harbour porpoise, and surpri singly, the main anthropogenic incidence was other 
than entanglement. By-catch is the most common anthropogenic incidence reported for 
sma ll cetacean mortalities worldwide (Re ad and MUlTay 2000), espec ially for harbour 
porpoise and dolphin species (Baker and Martin 1992, Fontaine el al. 1994a, Simmonds 
and Hu tchinson 1996, Lesage et al. 2006) . However, in contras t to o ther regions, another 
cause of mortality seemed to be significant, even much important, for harbour pOl·poise in 
Quebec water, and consisted of findin g pieces of carcasses (l arge cubes of blubber) clearl y 
cut with a knife. These reports came from a s ingle region, near Grandes-Bergeronnes, a 
municipality located on the north shore of the protected waters of the Saguenay- St. 
Lawrence Marine Park. Altemative ly, these events may suggest acc identa I entanglement. 
Indeed, fi shermen occasionally muti late, cut appendages or slit the abdomen of marine 
mammal carcasses to fa cilitate di sentanglement and protect their gear (Read and Murray 
2000, Byrd et al. 2008). Thus, it is conceivable that a proporti on of these events are 
entanglements in fishing gears. Nonetheless , fi shery ac ti vity in the sector of Grandes-
Bergeronnes is low to nonex istent and cOlToborates the ill ega l hunting presumpti on. At thi s 
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time, these events continue to be reported and are under investigation by Parks Canada to 
prevent further cases. 
Ship collision was the second most frequent anthropogenic incidence on cetaceans 
and involved mostly minke whales, fin whales and beluga whales (22%). This result is 
particularly important for the SLE beluga as the resident populat ion has reiative ly few 
individuals and does not show any sign of recovery (Hammill et al. 2007). Although ship 
colli sion with be lugas are known to occur in the SLE (Hammill et al. 2007, Measures 
2008), evidence of anthropogenic incidence with beluga was found in only 4 % of the 
beluga carcasses as reported by Béland et al. (1987; 1992) and Measures (2008). Human 
interactions such as fishery entanglement and ship collision are not considered to be an 
important cause of mortality for SLE be luga (Béland et al. 1992, Fontaine el al. 1994a, 
Hammill et al. 2007). Nevertheless, ship collision has been identifi ed as a factor potentially 
contributing to the lack of recovery of thi s population with other factors such as chemi ca l 
contamination, anthropogenic noi se and di sturbance related to marin e traffic in its 
summering habitat (Lesage et al. 1999, Hammill et al. 2007). Habitat loss and degradation 
is cons idered the greatest threa t for resident coastal spec ies such as the SLE beluga (Kemp 
1996). 
Anthropogenic interactions with large ce/aceans 
Entanglement was the main hum an incidence on large whales in the St. Lawrence 
Estuary (SLE) and the northwestem Gull of St. Lawrence (NWGSL) and in vo lved mostly 
minke whales and humpback wha les as prev iously observed by 8éland et al. ( 1992). 
Similarly to tendencies reported in Newfoundland-Labrador, entanglement in fi shing gear 
was higher in minke whales th an humpback whales (Lien 1994). The II1crease ln 
entanglement, most ly in the NAFO Divi sion 4T (63 %), could not simpl y be exp la ined by 
an improvement of public awareness and sa mpling effort as there was vari at ion in 
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entanglement between years for specifie species suggesting that other biological processes 
were involved . We propose three explanations for this increase in entanglement: 1) a shift 
in minke and humpback whale distribution, 2) changes in fishery practices and 3) increase 
of sampling effort in the SLE and NWGSL from 1994 to 2008. 
The SLE and NWGSL are important feeding grounds 111 summer, where many 
cetacean species migrate and may interact with fi shery activities . ln the St. Lawrence 
ecosystem, di stribution of rorqual species is associated with aggrega ti on of prey (e.g. 
capel in and krill) (Sourisseau et al. 2006, Doniol-Valcroze et al. 2007, Simard 2008). 
Changes in prey di stribution may influence distribution of rorqua ls which concen trate 
where their prey are located. If cetacean di stribution changes in response to prey location 
and occurs in a fishing area, the probability of entanglement would also increase for 
cetaceans, resulting in mortality (Leeney et al. 2008). Whitehead and Carscadden (1985) 
suggested that the high number of humpback whales observed off eastem Newfo undl and 
from 1977 to 1980 may have contributed to the high number of entanglements. They found 
also a corre lat ion between observations of humpback whales and abundance of cape lin , 
their main prey (Bai rd 2003 b). Similarly in the NWGSL, Comtois (20 10) observed an 
increased number of humpback whales as we il as a shift in their geographica l distribution . 
She suggested an assoc iation between thi s distributional shift, cold sea bottom temperature 
and the collapse of demersa l fish predators by overfishing in the late 1980s and earl y 1990s 
(Savenkoff el al. 2007, Morissette et al. 2009) . Overfishing is also suspected to have 
contributed to sign ifican t geographical ex pansion in the distribution of capelin in the mid 
1990s throughout the entire Gulf (particularly in Division 4T) (DFO 200 l , Grégo ire el al. 
2008) due to the co llapse of its major predator, the Atlantic cod (Carscadden et al. 200 1). 
Likewise, the ex pansion of the di stribution of capelin in the SLE and sou them GSL may 
likely attract foraging minke and humpback whales and consequently may lead to high 
entanglement events recorded in Divi sion 4T. However, we cou ld not va lidate thi s 
hypothesis due to a lack of informati on on the distribution of minke and humpback whales 
in the SLE, but we suspect that these changes in the St. Lawrence ecosys tem (i. e 
abundance and distribution of preys) probably had an thoughtful impli cation on the 
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di stribution of these manne mammal specles and therefore on temporal pattern s lI1 
entanglement. 
A nother poss ible explanation for the increase of entanglement events may be 
changes in fi shery prac ti ces in recent years. Following the groundfi sh collapse in the early 
1990s, the number of grounà fi sh ianàings à ecreaseà whii e the number of invertebrate 
landings increased (D FO 2010) . Benthi c species (i. e. crabs, lobsters and dogfi shes), whi ch 
are caught w ith traps and pots, are known to pose a high ri sk of entanglement for large 
whales in th e Bay of Fundy (Johnston el al. 2007). Few fi sheri es were authorized in the 
Estuary in summer and mostl y invo lved fi sheri es of crabs and lobs ter w ith traps. lndeed, 
during the study peri od, minke whale entanglements occurred mainl y in invertebrate traps . 
Som e min ke and humpback whales were observed swimming w ith attached lines from 
traps; subsequentl y they became exhausted and immobilized, COnfiI111ing the potenti a l 
lethal ri sk of thi s fishing gear for large cetaceans in the Estu ary. Furtherm ore, the Es tuary is 
an important feedin g ground for large whales in summer and thus, fee din g activiti es m ay 
make whales more susce ptible to interac t w ith fî shing gear a long coasts. Hence, changes in 
fî shing pract ices may have dri ven the increase in entanglement events of large whales that 
we observed. We co uld not CO nfiI111 thi s potenti al assoc iati on as we did not ana lyze 
entanglement events w ith respect to fî shing effort using traps and pots for the study period, 
due to compl ex ity of data (e.g. multi spec ies, many di f ferent fî shing areas at di ffe rent 
times). 
The las t ex planati on for the increase in entanglement may be an improvement of 
publi c awareness and sampi ing effort. The use of s tranding data to quanti fy the incidence of 
human interac ti ons w ith marin e mammals such as entanglement is the most controversia l 
and prob lemat ic aspect in stranding stuài es (Lopez el al. 2002) . Stranding data are subj ect 
to multipl e biases such as sampling effort and publi c awareness, so it is important to 
consider th at stranding data are not random sa mples from populati ons (Go ldstein et a l. 
1999) . Despite biases re lated to s tranding studi es, our data coyer a long time-seri es and 
mul tipl e spec ies , whi ch makes it a va luable source of infoI111 ati on fo r anthropogenic 
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interactions with marine mammals in the SLE and NWGSL. Temporal trends observed in 
this study, such as the increase of entanglement events, were not explained by sampling 
effort as SLE beluga stranding events recorded by the network were constant since 1994. 
The beluga is a resident of the SLE and a carcass recovery program for this species has 
been in place since 1982, making it an indicator of stranding effort and public awareness. 
As weIl, variations of specific anthropogenic incidences between years involving a few 
species suggest that other eco logical mechani sms were involved. 
The decline in entanglement events of dead large cetaceans smce 2003 was 
concurrent with the creation of the marine mammal emergency network (RQUMM) in 
Quebec. Our results indicated that the disentanglement program of the network prevented 
and reduced mortality due to entanglement of large cetaceans in the SLE and NWGSL. 
Large whales are more likel y to survive entang lement, even if they drag attached gear 
(Perrin et al. 1994, Hall et al. 2000). Human di sentang lement of large whales is known to 
prevent death (Hall et al. 2000) as reported in the Bay of Fundy and Newfoundland since 
the estab li shment of the marine mammal entrap ment ass istance program (Lien J 994). 
Incorporating uncertainty 
Long-tenTI stranding data ma y be usefu l to obtain a g lobal overvl ew of human 
incidence on marine mammals, but it must be combined with other more direct methods in 
management. Recentl y, it was suggested to incorporate uncertainty in analyzing human-
induced mortality (Wade 1998 , Slooten et al. 1999, Taylor et al. 2000, Hammill and 
Stenson 2009). The populati on biologica l remova l (PBR) approach has been proposed and 
deve loped in the 1994 amendments to th e U.s. Marine Mammal Protection Act (MMPA) in 
response to deficiencies of previous management schemes where populations are not 
suffic ientl y known . The objec ti ve is to mainta in the population above a sustainabl e 
optimum corresponding to 50- 80 % of the es timated pristine populat ion s ize (Wade J 998). 
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This requires that total annua l human-caused mortality and serious injury be Jess than the 
PBR. Ri gorous simulation tests show that the PBR is robust when model assumptions are 
relaxed and a plausible uncertainty is incJuded (Palka 2002). The PBR approach is also a 
more direct measure because it monitors the human activity that caused mortality (Taylor et 
al. 2000) . The PBR is defined as: 
PBR = N min x 0.5 RmaxxFr 
where, N'l/in IS the estimated population size using the 20-percentile of the lognormal 
di stribution , RII/cn is maximum population growth rate, and Fr is the recovery factor 
(between O.] and 1.0) (Wade] 998). 
We est imated the tota] annua] human-induced mortality of minke wha les from 
anthropogenic interactions. Using a minke wha le population estimate for the GSL of 325 
indi vidual s (Lawson and Gosselin 2009) and default values for Fr at 0 .5 to account for 
unknown biases and an R l/1a\ of 0.04 due to a paucity of data on minke wha]e maximum 
growth rate (see Wade 1998), we calcu lated that the mortality due to anthropogenic 
act ivities shou ld be less than 3 individuals per year (PBR). ln 2000, 2002, 2003 and 2005 
thi s est imated PBR was exceeded (8, 5 and 4 deaths respective ly associated to 
entanglement events) in our study area. This suggests that the minke whale may ex perience 
unsustainable mortality during sorne years in the SLE and NWGSL. However, th is is a 
rough esti mate of mortalities induced by entanglement on minke whale and involves 
mu ltiple biases. First, our results contained on ly those cases observed and reported to the 
network in Quebec waters . Second, not aIl fishennen report their entang lement. Fina ll y, 
some dead animaIs sink, are consumed by scavengers and never come ashore where they 
can be reported to a stranding network (Kingsley 2002, HammiIl et al. 2007) . Nevertheless, 
it is importan t for data-poor populations to consider tools such as PBR (Hamm ill and 
Stenson 2009) te address sources of uncertaÎnty (Le\vison el al. 2004), \vhich estirnate a 
target leve l of acceptable mortality (Taylor et al. 2000). 
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Conclusion 
This study presented a comprehensive analysis of temporal trends of anthropogenic 
interactions with several species of marine mammals of the Estuary and the northwestern 
Gulf of St. Lawrence, confirming that anthropogenic interactions with marine mammals 
occur mostly during summer. Our results show that some anthropogenic interactions with 
some marine mammal species are of con cern, incJuding shooting of harbour seals , a 
protected species in eastern Canada, suspected illegal hunting of harbour porpoises, a 
species of special concern (Baird 2003a) in a marine park, and entangJement of minke 
whales that may exceeded the estimated PBR in some years . However, we lack sufficient 
information to evaluate threats to these three species , especially for the minke whale as 
there are no clata on distribution, few and sporadic data on trends in abundance of marine 
mammals and no data on capelin abundance (Carscadden et al. 200 l , DFO 200 l, Bundy et 
al. 2009), and entanglement levels have not been thoroughly investigated for large whales 
in the Estuary (e.g. location, type of fishing gear and species involved annually) . 
Hence, our findings highlight the need for more information on cetacean abundance, 
distribution and the magnitude of human interactions with marine mammals, particularly in 
the Saguenay- St. Lawrence Marine Park, the SLE and NWGSL, areas identified as 
Ecologically and Biologically Significant for marine mammals (Lesage et al. 2007). 
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CONCLUSION GÉNÉRALE 
Nos résultats suggèrent que les variations dans les conditions environnementales de 
l'estuaire et du nord-ouest du golfe du Saint-Laurent peuvent en partie expliquer les 
variations dans l'occurrence des échouages de mammifères marins observés de 1994 à 
2008. Bien que les mécanismes expliquant cette relation n'aient pu être identifiés dans le 
cadre de notre étude, notre analyse suggère toutefois que certains facteurs 
environnementaux pourraient être liés aux événements d 'échouages en influençant (de 
manière indirecte) la distribution des espèces migratrices et la mortalité individuelle des 
espèces résidentes et pagophiles . Dans le cas particulier des floraisons d 'algues toxiques 
(2008), les répercussions sur la mortalité individuelle semblent être plus directes. 
Globalement, le nombre d 'événements d 'échouages augmente depui s 1994 et il es t plus 
important en été, période où la plupart des mammifères marins sont présents . Les résultats 
montrent une influence négative des conditions de l'eau (volume de la couche intennédiaire 
froide, température de surface et débit d 'eau douce) sur les événements d'échouage de la 
plupart des espèces. D 'autres changements environnementaux ont également été observés 
et associés spécifiquement à certaines espèces: i) une relation négative entre le volume de 
glace et l'occurrence des échouages de phocidés pagophiles et de mysticètes , ii) une 
relation négative entre l'abondance d ' euphausiacés et l'occurrence des événements 
d 'échouages du petit rorqual et du marsouin commun. 
Dans un deuxième temps, nos résultats révèlent que les activités humaines dans 
l'estuaire affectent particulièrement les cétacés. Les prises accidentelles de petits rorqual s et 
de rorquals à bosse et les autres activités anthropiques impliquant le marsouin commun ont 
augmenté significativement depuis 1994. Les prises accidentelles de petits rorquals ont été 
rapportées principalement dans des casiers d ' invertébrés et excèdent certaines années le 
prélèvement biologique potentiel (PBP) du « stock» de petits rorquals du go lfe et de 
l'es tuaire. Dans le cas du marsouin commun, les cas ont été rapportés principalement dans 
la région du Parc Marin Saguenay- Saint-Laurent, suggérant une chasse illégale. 
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Dans le cadre de notre étude, les précisions acquIses sur l' influence des facteurs 
environnementaux et anthropiques sur la mortalité des mammifères marins nous permettent 
de mieux comprendre les relations entre les récents changements observés dans 
l'écosystème (diminution du couvert de glace, florai son d ' algue toxique, etc.) et la 
communauté de mammifères marins. Ces connaissances sont essentie ll es à l'é laboration de 
mesures de gestions et de conservation des mammifères marins de l'estuaire et du nord-
ouest du golfe. 
Néanmoins, il est important de cons idérer que certains événements d 'échouages ne 
sont pas rapportés et donc, l'échouage représente une approximation de la mortalité et non 
une évaluation pour une popul ation entière. De plus, il est diffi cil e de contrôler les biais 
assoc iés à j' effort d'échanti llonnage (effort variabl e entre les espèces et entre les années) 
des échouages. Cet échantillonnage toutefo is, semble relativement constant entre J 994-
2008. Nous sommes conscients de la limite de cette étude et que dans certains cas, 
l'échouage est un outil important pour comprendre les changements environnementaux 
pouvan t causer la mortalité (p . ex. floraison d 'a lgue tox ique). Afin de di scerner l' influence 
des changements environnementaux sur la di stributi on et la mortal ité, les données 
d 'échouages devraient être couplées à des données d 'abondance dans l'a ire d 'étude . Ces 
données permettraient de va lider ou d ' infirmer la relati on entre l'abo ndance des indi vidus 
et la fréquence d 'échouage localement pour une espèce donnée . Cette info rmati on serait 
auss i d ' une grande va leur pour quantifi er l' impact des ac tivités anthropiques sur les 
mammifères marins dans l'es tuaire, une région fo rtement exploitée par l' homme (tourisme, 
trafic maritime, pêche commerciale, etc.) mais éga lement un des berceaux de la 
conservation du milieu marin au Québec. De plus, l'abondance de capelan pourrait être 
ajoutée aux modèles environnementaux pu isque cette espèce est une proie importante pour 
plusieurs mammifères marins (Marchand el al. 1999) et qu ' el le est l'espèce clef de 
l'écosystème, à la suite de l'effondrement de la pêche aux poissons de fond vers les années 
1980 (Grégoire et al. 2008). Ceci perm ettrai t de mesurer les répercuss ions de ces 
changements dans la structu re de la comm unau té, induite par la surpêche, sur les 
mammifères marins de l' écosystème du Sa int -Laurent. Cependant, peu de données 
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d'abondance historique ne sont disponibles sur l 'ensemble de la région pour les espèces de 
mammifères marins concemées ainsi que sur l' espèce clef, le capelan. 
A vec le réchauffement climatique global anticipé, nous pouvons nous attendre à un 
déclin continu du couvert de glace et de la productivité biologique dans les environnements 
marins (Schmittner 2005). De telles modifications dans les conditions abiotiques de 
l'écosystème du Saint-Laurent sont susceptibles d ' influencer les processus démographiques 
(p. ex. les taux de survie des jeunes phoques pagophiles) ou la distribution individuell e chez 
les espèces de mammifères marins (p. ex. l'access ibilité à un habitat ou la di sponibilité des 
ressources pour les grands cétacés). À l' hiver 2009, le réseau québéco is d ' urgence pour les 
mammifères marins observa à Gaspé la présence, peu habituell e, de grands rorquals et un 
grand nombre d 'échouages de jeunes phoques du Groenland pendant la saison de 
reproduction. Ces deux événements furent de toute évidence associés à l'absence de 
couvert de glace dans le golfe du Saint-Laurent. Dans ce cas-ci, l' absence de glace semble 
avoir entraîné une gra nde mortalité j uvénil e chez le phoque du Groenland , mais a augmenté 
l ' access ibi lité à un habitat pour les cétacés. Une présence accru e de grandes baleines 
augmente la probabilité d'interactions avec les activités humaines comme les pêcheries et 
conséq uem men t peut entraîner une augmenta tion du nombre de pri ses acc idente ll es de 
grands cétacés. Or, les pri ses accidente ll es ne sont que très peu documentées et nos résu ltats 
suggèrent une préd ispos ition de ces espèces dans l'es tuaire. Une menace pèse éga lement 
sur la communauté marine en rai son de la fl orai son d 'A lexandrium tamarense documentée 
dans l 'estuaire en 2008. Cette algue tox ique est connue pour s'enkyster et entrer en 
dormance dans le séd iment (Fauchot et al. 2005). 11 est donc poss ibl e d 'observer d'autres 
événements de mortalité causée par des florai sons dans les prochaines années à 
l'embouchure du Saguenay, un e des a ires d'alimentation les plus importantes de tout 
l'écosystème (Simard 2008). 
Subséquemment, les recherch es futures sur les populati ons de mammifères marins 
du Sa int-Lauren t devront intégrer dava ntage les récents changements environnementaux 
observés, c'est à dire la diminution du couvert de g lace et la modification de la stru cture de 
la commun auté marine (Savenkoff et al. 2007 , Ga lbra ith et al. 2008). Étan t au sommet du 
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réseau trophique de l' écosystème du Saint-Laurent (Morissette et al. 2006), les diverses 
réponses de ces prédateurs pourraient nous renseigner sur l'effet de ces changements sur la 
stmcture et le fon ctiOlmement de l' écosystème marin et prédire sa réponse aux 
changements climatiques futurs. 
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